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SOME ESSENTIALS OP SUCCESS*
P. M. LIXCOLX
W estinghouse Electric and Manufacturing Company
Engineering and agriculture are the two branches of education
which have particularly to do with those activities of man which
lead to his material welfare. Both the agriculturist and the
engineer are constructive forces. Whatever they accomplish
adds to the wealth of mankind. In this respect these professions
differ from others.
It is a comforting thought that whatever we accomplish is of
a constructive nature, in sharp distinction to being of a
destructive nature, and that the wealth of the nation depends
almost entirely upon the efforts of such as we. When the farmer
produces more wheat or corn or cattle to the acre by reason of
his education, he thereby increases the wealth of the world.
When the engineer builds a bridge, or a trolley line, or develops
a paying mine, he thereby becomes a constructive force and his
efforts add to the material welfare of the human race. The same
cannot be said of all other professions. If a lawyer wins an
important case his client thereby obtains an advantage, but it is
at the expense of some other man's loss. The world at large has
not profited by bis brilliancy. So there is no little comfort in
the thought that when your efforts are crowned with success, not
only will you profit thereby yourselves, but you will leave the
world the richer by reason of your successful efforts.
There is a sharp difference between education before and after
commencement. Heretofore your steps have been guided by
some kindly professor. Your future instructors will not neces-
sarily be kindly disposed. The problem of making good in your
life's work is a much more complex one than that of making
good as a student
;
you will have no one to tell you what your
grade is, or whether you have passed or not. But continue your
education you must if you would succeed. The company with
*From an address to the graduating class of the Agricultural and Mechanical
College of Texas.
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which 1 have been identified for the past thirteen years, the
Westinghouse Electric & Mfg. Company, lias long recognized
this need of further education for the college student, and for
those engineering graduates who come to us there is provided
a well-ordered course of further instruction
—
particularly, of
course, along those lines where such further instruction will he
of henefit to the company—so that those of you who come to us,
or to some of the other larger companies, will be guided to some
extent in what might be called post-graduate work. However,
this is only an incident ; the main thing is that your education
must continue. When a man arrives at the point where he feels
that his education is completed it marks the turning point in
his career.
There is no danger that you will ever learn too much nor that
the world's problems will all be solved before you get a chance
at them. Herbert Spencer says in his "First Principles":
—
"One other consideration should not lie overlooked—a consideration
which students of science more especially need to have pointed out.
Occupied as such are with established truths, and accustomed to regard
things not already known as things to be hereafter discovered, they are
liable to forget that information, however extensive it may become, can
never satisfy inquiry. Positive knowledge does not, and never can. fill
the whole region of possible thought. At the uttermost reach of dis-
covery there arises, and must ever arise, the question :—What lies
beyond? As it is impossible to think of a limit to space so as to
exclude the idea of space lying outside that limit ; so we cannot con-
ceive of any explanation profound enough to exclude the question:
—
what is the explanation of that explanation? Regarding science as a
gradually increasing sphere, we may say that every addition to its surface
does but bring it into wider contact with surrounding nescience."
You may have no fear, therefore, that there will not be ample
opportunity to exercise all the talents you possess.
I have often been asked in what respect the young college
graduate was most deficient, and 1 have often put the same
question to others. The answer that I have given most fre-
quently, as well as received, is that the average graduate's most
apparent deficiency is his inability to express himself clearly.
Most students are never sufficiently impressed with the necessity
of clear, concise and cogent expression. A moment's reflection
must make this necessity clear to anyone. Did it ever occur to
you that, even if you possessed the most valuable idea in the
world, it would lie absolutely useless so long as it remained only
with you? To be of value that idea must he passed on to others,
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and to that end the power of expression is essential. One must,
of course, have ideas to express, but even with the most pro-
found ideas one must also possess the power of expression or his
ideas are useless. Cultivate, therefore, your powers of expres-
sion. Clearness, conciseness and cogency of expression by spoken
or written language is an absolute sine qua nan of success, and
if one can use both methods success is all the more assured.
Now, if you will permit me, 1 will give you a small piece of
advice that is more or less personal. Always live within your
means. Extravagance is not a modern vice, but it does seem
that modern living conditions tend towards its promotion. If
you receive a small salary, live down to it. If you have a large
one, it is not necessary to live up to it. If you cannot afford an
automobile or a motor boat do not get one. Start a savings
account and put some money aside each year. It was a wise
philosophy that Charles Dickens put into the mouth of Mr.
Micawber in "David Copperfieid." Mr. Micawber, you will
remember, was sometimes able to keep just out of reach of the
debtor's bailiff, and sometimes he was not so fortunate, but he
was long on advice. Let me quote :
—
"He (Micawber) solemnly conjured me. I remember, to take warning
by Ins fate and to observe that if a man had 20 pounds a year for his
income and spent 19 pounds, 19 shillings and 6 pence, he would be happy;
but if he spent 20 pounds, 1, he would be miserable."
This advice, by the way. was given by Mr. Micawber while
he was occupying a debtor's cell in the jail. The narrative
goes on :
—
"After which, he borrowed a shilling of me for porter, gave me a
written order on Mrs. Micawber for the amount, put away his pocket
handkerchief, and cheered up."
I would have you note especially that Mr. Micawber cheered
up. That is the thing that makes the character of Mr. Micawber
so likable; and that brings me to another item of advice that I
would offer. Cultivate your sense of humor. It was Charles
Lamb who said that a laugh was worth 100 groans in any market,
and he was right. Be an optimist. I can assure you that, other
things being equal, the optimist will get the preference over the
pessimist every time. I do not agree with Tom Corwin when
he said. "Young man, if you desire a reputation for wisdom,
never joke; be as solemn as an ass." I do not mean that we
should treat things "lightly, but the ability to laugh and to see the
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humorous side of a situation will be of great assistance to you
as you go on through life.
I remember making some similar remarks in the presence of
Professor Karapetoft of Cornell University. He quite agreed
with me. saying that the sense of humor was an excellent thing
to have, even in the case of the college professor, else how could
one appreciate some of the answers received to examination
questions. He went on to mention a certain examination in
physics, where the question was put:—"Define the law of refllec-
tion." One of the answers to this question was :—"The sins of
the angels are constant." I have often wondered by just what
psychological process that student was moved to put down that
particular answer—a wierd, meaningless combination, coupled
with mistakes in orthography. The answer, by the way, is pre-
sumably a perfectly correct statement, but it so happens that it
is the answer to a problem in theology instead of one in physiscs.
And this brings me naturally to another bit of advice :—Be
clear in your thinking, and it follows that you will be clear in
the statements of your thoughts. The student who gave the
above answer was not clear in his process of thinking, and, of
course, was not clear in what he put down as his answer.
Cultivate your power of analysis. Analysis is simply the pro-
cess of cutting up a problem into pieces so small that each
piece presents no particular difficulty. A man cannot consume
the carcass of a whole bullock at one sitting, but if he divides
it and prepares it properly in the shape of steaks, and roasts,
and soups, etc.. and takes his time, he can not only assimilate
and digest the whole, but he will enjoy the process of assimila-
tion, and increase his strength thereby. So with the problems
you will meet in life. Many
—
yes, most of them—are too
complex to admit of solution without analysis, without dividing
them into pieces, so to speak, sufficiently small so that your mind
can not only assimilate them, but grow more powerful in the
process of assimilation. The power of analysis is an essential,
and it is particularly essential to those who would undertake
the solution of complex problems.
You who have chosen engineering as your profession owe
something to that profession. In my opinion, there is no better
way of paying your debt to your profession than by joining and
taking an active interest in one or more technical societies.
There are some things that engineers in the aggregate can
accomplish that the engineer individually cannot accomplish.
The technical society is the natural vehicle for "the discussion
and the advancement of those interests of the engineer which
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are common to all. Let me quote from the constitution of the
American Institute of Electrical Engineers :
—
"Its objects shall be the advancement of the theory and practice of
electrical engineering and of the allied arts and sciences, and the
maintenance of a high professional standing among its members."
\i
These objects are surely ones in which all electrical engineers
may join with benefit, not only to themselves, but also to the
profession as a whole. If you would follow my advice, there-
fore, you will join at least one technical society, preferably the
national society which represents your own chosen profession,
and take as active a part therein as you are able.
No address of this character would be complete without
making some reference to the matter of compensation. When
I use the term "compensation," I do not mean simply the
monetary return that the engineer receives for his services. If
any of you gentlemen are going into engineering work simply
for the money you expect to get out of it, my advice would be
to change your profession at once. The money one gets for his
services is only part of his compensation. The dollar is not the
yard-stick of success. I will not attempt to tell you just what
does constitute success, but I can assure you that true success
it not measured in money.
A well-known man, well up toward the top of his profession,
once told me that there were three distinct periods in the rela-
tion of the successful man to his salary. During the first period
his salary exceeds the value of his services. He is new on the
job, he requires the time of a valuable man for his education,
and he is apt to spoil more work than he accomplishes. This is
a period through which we all must pass. Happily, however,
this period is usually a short one, and soon the value of the
services rendered equals, and then exceeds, the salary received,
and the second period begins. This period is what might be
called the normal period of the engineer's life. He finds himself.
The value of his services increases rapidly. His salary follows,
but does not overtake, the value rendered ; there is a lag. It has
been said again and again that a man must earn more than he
gets before he gets as much as he earns. This always has been
true, and must always remain true. In it lies the foundation of
the wealth of all those industries that are founded on engineering.
This normal period—that is, the period wherein the value of
the services rendered exceeds the monetary return therefor
—
usually lasts to the end. However, there are a few who advance
into a third period. Advancing years cause the engineer to lose
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a part of his power of attack and. at the same time, the law
of inertia, or perhaps the acquisition of business interests of his
own, causes a continual increase in the monetary return, and so
the time comes to some of the more fortunate when the return
exceeds the value of the services rendered. I said "more
fortunate;" there is a question in my mind wether I should
not substitute "less fortunate." The question of the choice
between these two terms hinges on the question as to what con-
stitutes success. Those who are willing to acknowledge that
money is the only measure of success may use the term "more
fortunate;" those who prefer to consider that only a part of
success is measured in money and that a truer measure lie- in
the sense of accomplishment, the sense of achievement, the
the sense of duty well done, will hesitate.
In closing, let me impress upon you the necessity of broadening
your knowledge. The ideal education is that which will teach
you "something about everything and everything about some-
thing." During the past four years you have been devoting your
close attention to learning "everything about something." Don't
forget, as you go on through life, that to attain complete success
it is also necessary to know "something about everything."
Broaden your education. Don't devote all your time and energy
to your own specialty. Seek contact with some of the great
minds of the past by reading the classics. It is an inspiration
thus to think the same thoughts with the master minds of the
past. To my mind. Shakespere was one of the greatest men of
history. His understanding of the human character and of the
workings of the human mind were marvelous. Another man of
inspiration of more recent times is Kipling, and I think I cannot
do better in closing than to quote one of Kipling's poems. "If"
is the title that Kipling has given this production, and by inference
it tells you those things which are necessary to complete
success :
—
"If you can keep your head when all about you
\re losing theirs and blaming it on you;
If you can trust yourself when all men doubt you,
But make allowance for their doubting, ton;
If you can wait and not he tired by waiting,
Or being lied about don't deal in lies:
Or being hated don't give way t<> hating,
And yet don't look too good, nor talk too wise-:
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If you can dream and not make dreams your master;
If you can think—and not make thoughts your aim.
If you can meet with Triumph and Disaster
And treat these two impostors just the same;
If you can hear to hear the truth you've spoken
Twisted by knaves to make a trap for fools,
Or watch the things you gave your life to, broken,
And stoop and build 'em up with worn-out tools
;
If you can make one heap of all your winnings
And risk it on one turn of pitch and toss,
And lose, and start again at your beginnings,
And never breathe a word about your loss;
If you can force your heart and nerve and sinew
To serve your turn long after they are gone,
And so hold on when there is nothing in you
Except the Will which says to them : 'Hold on !'
If you can talk with crowds and keep your virtue
Or walk with Kings—nor lose the common touch ;
If neither foes nor loving friends can hurt you,
If all men count with you, hut none too much;
If you can till the unforgiving minute
With sixty seconds' worth of distance run
—
Yours is the earth and everything that's in it.
And—which is more—vou'll be a Alan, my son!"
ELECTRICAL INSTRUMENTS
Their Calibration and Repair for Use in Electrical Testing
HARVEY R. RICHARDSOX, '17
In connection with the Electrical Laboratory work at the Uni-
versity of Illinois, the Electrical Engineering Department main-
tains an instrument room fully equipped with the necessary
measuring instruments and the standards for their calibration.
This article will deal chiefly with the equipment of the instrument
room and the facilities for the calibration and repair of the
instruments.
Equipment
At present there are about three hundred portable instruments
of various makes in use in the laboratory. These cover a wide
range of measurement and there are instruments at hand for use
in any test that may come up in connection with the laboratory
Low
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Standard Cell
The Leeds and Northrup Potentiometer
The secondary standards are calibrated against the standard
cell by means of the potentiometer.
<2>
Gal.
X
vo
m—VW\A/WWWWV\A
Fig. 2. Potentiometer Circuit
The fundamental principle of the potentiometer is Ohm's Law,
i.e. the drop in voltage along a conductor is directly proportional
to the resistance of the conductor and the current flowing. If,
as shown in Fig. 2. a resistance R is connected across a storage
battery or other source of constant potential, at the points M
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and X, a given current I will flow and the voltage drop between
-M and X will be IK.
Likewise the voltage between the fixed point M and any other
point O will be IX, where X is the resistance included between
M and ( ).
Now, if a cell of voltage E is connected in series with a
galvanometer and the resistance X in such a manner that the
two e.m.f.'s oppose each other, a current will flow in the direc-
tion of the greater e.m.f. and the galvanometer will show a
deflection. By varying the position of the contact O along MN
the value of the e.m.f. drop IX can be varied. In this manner
it is possible to find a point such that the drop along the line is
equal to the e.m.f. of the circuit under test, which condition is
shown by a zero reading of the galvanometer.
Then, since the two e.m.f.'s are equal, we have the relation
E = IX (i)
FlG. 3. Leeds and Xorthrup Potentiometer
If now we replace E by a standard cell of known voltage. Es ,
we may again obtain a balance by shifting the contact O. Let
the resistance included between M and O for this balance be
X
.
then, since the current in the main circuit remains as before,
we have the relation
E
s
= IX
S
Dividing equation ( 1 ) by Equation (2), we have
E IX X
¥ ~ix.~ x.
(2)
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Whence.
E = (3)
The slide wire of the potentiometer being of uniform cross-
section and material, the ratios of the resistances of different
lengths is equal to the ratio of the lengths, or.
MO
s
s
The potentiometer used by the Electrical Engineering. Depart-
ment is of the slide wire type manufactured by the Eeeds and
Northrup Co. Figure 3 gives a front view of this instrument
and Figure 4 shows the electrical, connections. The theory of
this potentiometer is the same as that developed for the simple
potentiometer circuit, the actual instrument being more elaborate
-Ba.
Fig. 4. Leeds and Xorthrup Potentiometer Circuit
in its internal connections to facilitate its operation and to make
it direct reading.
Construction
The essential part of this instrument is a set of fifteen, five-
ohm coils, AD, adjusted with great accuracy. These coils are
brought out to dial contacts, each contact being marke:l in volts
from 0.1 to i.«j. In series with this set is the slide wire DB,
246 The Tech nogbSph
the resistance of which from o to 1000 on its scale is also exactly
five ohms. The contact M is arranged to make contact on the
five-ohm coil terminals and M' makes contact at any point on
the slide wire. By adjusting the current through this circuit to
0.O2 ampere the voltage drop across each coil or across the first
thousand divisions of the slide wire is 0.14. It is this feature
which makes the potentiometer direct reading.
Between O and A is a set of nineteen resistances, with a slid-
ing contact T, such that the voltage drop hetween T and P is
equal to the e.m.f. of the standard cell when T is set on the
point marked with the voltage of the standard cell, which is
usually 1.0186.
R,, R 2 . and R are galvanometer keys, the first two putting a
high resistance in series with the galvanometer to protect it
against excess current due to inaccurate balance. The points C,
-Ba, Br, Std. Cell, E.m.f. and Ga are brought out to binding
posts for the necessary external connections.
By removing plug 1 and putting in plug .1, the resistance S is
shunted across the potentiometer circuit and the range is reduced
to .1, i.e. maximum measurement is 0.15 volts.
Operation
The connections for measuring an unknown e.m.f. are as
shown in Figure 4. The battery \Y is usually one storage cell
and the resistance R controls the current flowing through the
potentiometer circuit. The first operation is to adjust the cur-
rent to 0.02 ampere using the standard cell for this purpose.
This is done in the following manner : Close the double-throw
switch U on the points marked Std. Cell, set the dial P on the
resistance point marked to correspond to the voltage of the
standard cell and close the key R,. The current may then he
adjusted by varying R until the galvanometer shows no deflec-
tion with the circuit closed through key R . This means that the
voltage drop between the contact T and the point P on the main
dial resistance is exactly equal to that of the standard cell. The
resistances between O and A are such that tinder these condi-
tions 0.02 ampere is flowing through the main potentiometer
circuit AB.
The switch U is then closed on the e. m. f. side which connects
the unknown e. m. f. in opposition to the drop across the
resistance MB. The balance is obtained by closing R, and
varying the contact M on the set of resistance coils for rough
adjustment, and as the balance condition is approached, the
galvanometer key may be shifted to R2 and for the final fine
adiustment, the key Ry is closed and the contact M' is shifted
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along- the slide wire until the galvanometer shows no deflection.
By using the separate battery W the unknown e. m. f. is checked
against the drop due to the current from this battery and there
is no danger of running down the standard cell. The balance
between the battery and the standard ceil may be checked at any
time by closing U in the first position.
For measurement of voltages above 1.5, a multiplier, or volt
box as it is called, is used. The unknown e. m. f. is connected
across a resistance of 300,000 ohms and taps are brought out
such that the e. m. f. on the potentiometer is 1/10, 1/100, or
1/1000 of the unknown e. m. f. By this means the range of
the potentiometer is increased to 15, 150 or 1500 volts.
For the exact measurement of current, standard low resisances
are used. These resistances or shunts are adjusted to an
accuracy of 1/25^ and may be obtained with ranges from 15
amperes to 1500 amperes. The Electrical Engineering Depart-
ment has two of these shunts; one with a resistance of o. 1 ohm
and a current range of O.i to 15 amperes, and another with a
resistance of 0.00 1 ohm with a current range of 10 to 30O'
amperes. The shunt is connected in series with the circuit whose
current is to be measured and the voltage drop across the shunt
is determined by means of the potentiometer. From the
resistance of the shunt the current which must flow to give this
drop in potential may be calculated.
For instance, if a given shunt has a resistance R and a current
I flows through the circuit, the drop in potential across the shunt
will be E=IR. Then if we measure E by the potentiometer and
know R from the data on the shunt, we may calculate the current
from the relation E=I/R.
Secondary Standards
The secondary or working standards used by the Electrical
Engineering Department are a Weston Standard D. C. Voltmeter
and a Weston Standard D. C. Ammeter. The standard voltmeter
has full scale ranges of 3, 15, and T50 volts in the instrument
itself, and with a multiplier this range is increased to 600 volts.
The Standard Ammeter consists of a milli-voltmeter of the same
construction as the voltmeter, equipped with shunts for 1.5, 15.
75, 150, 500, and 1000 amperes. These instruments are direct
reading and have high sensibility and an accuracy of 1/10 of
one percent for any range. They are very carefully built and
must be handled with care to prevent any change in calibration.
The instruments are equipped with thermometers and spirit
levels, and have a scale 12 inches long and an 8 1/4 inch pointer.
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(See Fig. 5). The magnets arc extra large to give constant flux
density between the yokes. The moving coil is of the ordinary
D'Arsbnval type made with special care.
These instruments are calibrated against the potentiometer
periodically to see that they maintain their accuracy. The
method of calibration is to place the voltmeter in multiple with
the potentiometer or put the shunt of the milli-voltmeter in series
with the potentiometer shunt. The instrument under calibration
and the potentiometer are read at the same time and the exact
readings are determined as mentioned in connection with the
operation of the potentiometer. Curves are then drawn for the
standard instruments so that the correction may be determined
for any scale reading.
Fig. 5. Standard Voltmeter
An instance to show the accuracy of these standards may well
be given here. The standard voltmeter was calibrated at the
factory in December, 1914. It checked OK for several cali-
brations up to June. 1915. After standing all summer and also
1 icing handled somewhat roughly, the instrument was calibrated
by means of the potentiometer about October 1, 1916. and it was
found that the only error was at the top of the scale and here
150 volts on the potentiometer read 140.0 volts on the standard
voltmeter.
Checking of Test Instruments
The instruments used in the laboratory tests are of the best
types of portal ile measuring instruments obtainable. As they are
u^ed a great deal and are not always handled carefully, their
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accuracy must be check periodically. This check is obtained by
comparing the reading of the portable instrument with that of
the secondary standards in exactly the same manner in which
the latter was calibrated against the potentiometer. The usual
check consists of five readings at equal intervals across the
scale.
For checking direct current instruments, the storage battery or
one of the motor-generator sets in the laboratory is used. The
variations of voltage are obtained by the well-known potentio-
meter method where the available voltage is impressed across
a resistance of 200 to 2000 ohms and the drop between one end
and a movable contact is lead to the voltmeter being checked.
Current variations are obtained by means of a lamp bank load
with a variable resistance shunted across the bank for fine
adjustment. The direct current instruments, due to their
construction and theory of operation, are inherently more stable
than alternating current instruments. The limit of error allowed
in direct current instruments is ± 1% of full-scale reading at
anv point. If a direct current voltmeter or ammeter is found
to be outside this limit it must be adjusted to standard accuracy.
Alternating current ammeters and voltmeters are calibrated
against the direct current secondary standards in the same
manner as the direct current types with the exception that
reversed readings must be taken on the instrument being cali-
brated and the average reading be taken as the true value.
Wattmeters are calibrated by holding a known voltage on the
potential coil and varying the current through the current coil.
The current and potential in this case are measured by the
secondary standards. Reversed readings are taken as in the
case of A. C. voltmeters and ammeters. Since the scale divisions
for alternating current instruments are not equal and errors
are not consistent as in the direct current types, curves must
be drawn to show the correction at each point on the scale. The
limit of error allowed in this case is ± 2% of full-scale reading
at any point.
Watthour Meter Tests
Direct current watthour meters are calibrated by the ammeter-
voltmeter method, which consists of holding a certain number
of watts for a given time and noting the number of revolutions
of the disk during that time. The reading of the meter in watts
is then found by the formula :
Kh . R. 3600
Meter watts =
,
T
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where K h is the disk constant in watt hours per revolution; R
is the number of revolutions during the test period; 3600 is the
number of seconds in an hour and T is the length of test period
in seconds. The percentage accuracy of the meter is then
meter watts
IOOX •
actual watts
Alternating current watthonr meters are calibrated by means
of a rotating standard watthonr meter which is a standard watt-
honr meter of very good construction with an extended shaft
carrying a pointer over a graduated dial by means of which the
number of revolutions may be determined accurately for any
length of time. With the proper current and voltage coils in
use, and when the meter in calibration is of the same make and
type as the test meter, the percent accuracy of the meter in test
rev. of meter in test
is - Xioo. The usual method in this work
rev. of test meter
is to have the meter in test running under the desired load and
to start counting revolutions of the disk at the same time
starting the test meter by a snap switch placed in the potential
circuit. The meter in test is allowed to run for a certain number
of revolutions and at the end of the last revolution the test
meter is stopped and the reading noted. If the meter in test is
not of the same type as the test meter, a stop watch must also
be used and the time of the run must he taken into account.
The watthours registered by each meter is then equal
to the number of revolutions multiplied by the watthonr
constant of the disk and the percent accuracy of the
meter watthours
meter is X 100.
test meter watthours
Errors and Their Correction
Because of the rough handling these instruments receive it
is frequently necessary to make repairs on them to keep them in
proper working order.
The most common error is that due to temperature, such as
the weakening of springs, or change in resistance of the coils
or shunts used in the instrument. These errors vary and can
he collected for only by a periodical check against the secondary
standard. The more permanent errors are those due to physical
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or magnetic changes in the materials used in the construction of
the instrument. Much time and labor has been spent in the
making of permanent magnets but, in spite of this, even the
best makes show a change in time. This error can best be
corrected by marking a new scale for the instrument. A change
in the spring on the moving element will cause a low error on
low readings and a higher error on the high readings. When
this error becomes too great it must be corrected by putting in a
new spring or marking a new scale, the better method being to
replace the spring as the old one is very apt to continue to weaken
rapidly. In the electrodynamometer instruments used for
alternating current, considerable trouble is encountered by the
moving coil getting out of its proper position which may make
the instrument correct at the center of the scale but two or three
percent off at the upper and lower ends of the scale. The
correction for this trouble is to bend the pointer and set it back
to zero by the control spring until the moving coil is in proper
position again.
The moving coils of all indicating instruments are swung on
steel pivots which are mounted in jewel bearings. Though
the moving coil is very light the pivot contact is also very small
so that the unit pressure between the jewel and the steel pivot
is quite high. For this reason unless the pivot is very hard it
soon becomes dull and rounded off and must be ground again.
The jewels sometimes become dirty or cracked and must be
replaced. Such conditions as these cause the instrument to
"stick", that is, due to friction the moving element cannot follow
the changes in current. Friction is also caused by hairlike pro-
jections on the scale striking the pointer, by springs being out of
shape and touching other parts of the instrument or the convolu-
tions being in contact with cue another.
Because the Mechanical Engineering laboratory has been torn
up to permit a better arrangement of machinery, all laboratory
work in the department has been abandoned for the semester.
Excavation is now under way for a basement, and a new concrete
floor and gallery will be constructed. It is estimated that this
change will give three times the former floor space. The old
concrete laboratory has been moved to the new Ceramics
Building on Goodwin Avenue.
THE DEVELOPMENT OF THE MONOLITHIC BRICK
PAVEMENT
HARLAN H. EDWARDS
]n but a little more than a year, a revolution has taken place
in the construction of brick highways. The old sand cushion
brick pavement, with its noisy, rumbling characteristics and its
troublesome sand bed is now rapidly being abandoned in favor
of the more quiet and substantial monolithic type of construction ;
and it will soon be obsolete except in cities where sections of the
pavement must frequently be removed to repair gas and water
mains below. Even there the cement-sand bed. a modification of
the monolithic type of construction, is rapidly gaining favor.
There were three steps in the evolution of the true monolithic
brick pavement from the old sand cushion type, each of which
constituted a distinct advance in the improvement of the brick
road. First was the substitution of the I'j-inch cement-sand
bed for the old sand cushion, using just enough cement to prevent
any movement of the sand under traffic. This thickness proved
unsatisfactory, for the chief function of the sand was to provide
a smooth surface upon which to lay the brick, and the use of
such a thickness of the cement-sand mixture became t< >o
expensive. The next step in the development, therefore, came in
the reduction of the thickness of the cement-sand bed. For city
pavements this bed was reduced to ^-inch. This brought us to
the new idea of placing a 3/16-inch layer of a dry mix of cement
and sand upon the green concrete, and immediately laying and
rolling the brick. This, the first type that really could be called
monolithic, was that first laid at Paris, Illinois, described in detail
in the technical journals at that time and adopted this year as the
standard brick pavement by the Illinois State Highway Depart-
ment. With this type" of construction, however, it has often
been the practice not to grout the brick for several days after
laying. As a result, the layer of dry mix has constituted a weak
plane in the slab, with the consequent danger of separation along
this plane at some future period, thus greatly reducing the
strength of the pavement. Finally, therefore, as developed on the
Vermilion County Bond Issue Roads, this intermediate layer has
been entirely abandoned and the brick are laid, rolled, and
grouted upon the fresh concrete base after it has been struck
<i\'\ to the proper crown and tamped to an even, smooth, and
compact surface by means of templates. This makes a true
monolithic pavement having no plane at which" separation may
take place.
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Experimental Section
The first monolithic brick pavement of this type was laid near
Danville, Illinois, as an experiment, upon the suggestion of W.
W. Marr, State Highway Engineer, and Harvey C. Adams of
the Danville Brick Co., on a road receiving heavy traffic from
coal mines. It was laid in four sections as follows : (1) A
length of thirty-six feet using three-inch brick laid upon a three-
inch base, with 1 13 l/2 :6 concrete, (2 ) A length of sixty-four
feet using four-inch brick laid longitudinally on a two-inch base,
( 3 ) A length of fifty feet using a four-inch brick laid transversely
on the same thickness of base, and (4) A length of forty-eight
feet using a four-inch brick laid transversely on a one-inch base,
the concrete being a 1 13 V2 cement-sand mixture. The pavement
was crowned one and one-half inches in a width of fifteen feet.
The concrete was placed just as wet as possible without running
at the edges, then struck oft' with a template but not tamped, and
the brick laid and grouted immediately. The fourth section was
placed where it received the most severe test—at the edge of a
soft gravel road, in the spring when the frost is going out of
the ground this gravel road is little better than a series of mud-
holes, from which the traffic bumps up on the pavement, while
in the summer the surface of the gravel is high above the brick
and the traffic drops down upon the edge of the pavement. None
of this work, however, has shown the slightest signs of failure.
As a result, this type of construction has met with such approval
that Stockland Township, Iroquois County, (near Milford) has
voted $50,000 this year for the construction of nine-foot
monolithic brick roads of this type using a four-inch wire-cut-
lug brick laid upon one inch of concrete on a crowned subgrade.
This type was approved by the State Highway Engineer, Mr.
Marr, and the work was let for less than 89,000 per mile,
including two graded earth roads on the side. This work is
now in progress.
Design of Road
Of the system of one hundred sixty-six miles of hard roads
being constructed by bond issue in Vermilion County, for which
contracts were let last spring, some twenty-five miles are of
monolithic brick construction. As shown in the illustrations, the
pavement, ten feet wide, is constructed of four-inch wire-cut-lug
paving brick laid directly upon a fresh concrete base four-inches
thick at the sides and crowned one inch. ( hi each side of the
pavement a strip of macadam three feet wide is to be laid, and
beyond this an earth shoulder seven feet in width, making the
total width of roadway thirty feet. Approximately eleven and
one-half miles of this type of construction is along the Dixie
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Highway, running from the northern boundary of the county
southward meeting a fifteen mile stretch of State Aid Brick
road, making the entire Dixie Highway through the county
paved with brick. Three and one-fourth miles between Tilton
and Catlin arc completed, three miles between Georgetown and
Westville are under construction at the present time, while two
miles of the work near Hoopeston is nearly finished.
Handling Materials
Jn the construction of the Tilton-Catlin road the pioneer work
was done. All objections to this method of construction were
met and overcome, and it was established as a practical, econom-
ical, and altogether successful pavement. As is often the case
with new work, inefficient methods were at first employed, but
soon discarded for better and cheaper ones. The same con-
tractors, the ( rranite City Lime and Cement Co., also obtained the
contract for the work near I loopeston. and the construction there
consequently received the benefits of the experience gained on
the previous work at Catlin.
Method of Placing Materials
Jn the work near Hoopeston, the sand and stone were unloaded
Erom the cars at the construction camp by clamshell bucket and
crane, and dumped into elevated bins where it was loaded into
one and one half yard side dump cars for hauling to the road.
The bricks were unloaded with tongs and placed directly in the
small cars.
These cars were operated on a two-foot gauge industrial rail-
road track, which was laid along the side of the" subgrade using
the macadam stone for ballast. At first, the track was laid along
the earth shoulder, hut after every rain it settled in spots, and on
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every hot day the rails expanded and twisted the track all over
the roadway, causing much expense for maintenance, as well
as danger of derailment.
Over this track the concrete materials were hauled to the road
by dinky engine and dumped upon the center of the subgrade.
The sand and stone were placed in alternate piles, in the
order :—two cars stone, two cars sand, two cars stone, and one
car sand, obtaining approximately seven and one-half yards
of sand to thirteen yards of stone in every hundred lineal
feet. In this way the materials were quickly placed so that the
wheelers could operate from either side of the piles.
The steel forms were then set a thousand feet or more in
advance of the mixer. In this way a very good line could be
maintained with little difficulty. Six inch Heltzel steel forms
Striking Off the Concrete
were used on this work and proved very satisfactory. These
forms had a two-inch strip of wood bolted to the bottom,
enabling them to be used on other types of hard roads of less
thickness. Before the concrete base was placed, the faces of
the forms were oiled with a low-grade oil to insure a smooth
surface toward the pavement and to prevent the grout from
stickening to and roughening the forms.
Brick and Cement
The bricks were stacked fourteen in each course along the side
of the road, being placed there with tongs from the small cars,
in such order that they could be laid in the pavement with
minimum confusion.
Whenever possible, the cement was handled directly from the
cars to the mixer, moving the cars ahead when necessary.
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When, however, it was necessary to have a clear track for
hauling shoulder stone etc., past the mixer to the completed
pavement, the cement was unloaded on racks as shown. These
racks were made from six 2 x 4's having the second and
fifth ones projecting about two feet on each end to facilitate
carrying them forward with the remaining cement, if any. They
were kept off the ground by three 4 x 4's nailed across
the bottom. In wet weather and at night these racks were
covered with tarpaulins, affording complete protection to the
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vide a smoother surface of concrete behind the tem-
plates. The concrete was of a .slightly quaky consistency,
and was dumped directly from the mixer upon the dampened
subgrade, then spread out between the side forms and struck
off to the proper thickness and crown by two templates weighted
down with sand bags and drawn forward by the mixer as it
moved ahead. Some mixers are equipped with a cable and drum,
located on the rear axle, by means of which the templates may
be moved forward independent of the motion of the mixer. This
is very desirable, for a more uniform puking force may be
exerted upon the templates which, in turn, lessens the tendency
of the templates to rise and leave high spots in the concrete. At
Rolling.
first, but one template was used. This was made of two 2x10-
inch oak planks placed vertically ten inches apart, with suitable
bracing between. The lower edge of these planks was cut to
a one inch crown, and faced with a strip of iron. Rollers were
fastened to each of these planks for movement along- the form.
This template was not satisfactory, however, for although well
weighted down, the concrete often became piled up in front of
it as it was being pulled ahead, causing the rear face to rise
and leave a high place in the concrete. This, if not removed
by a second dragging of the template, would have caused a wave
in the pavement behind.
A second template was therefore devised, having the crowned
faces placed two feet apart. This was supported on the forms
by a runner three feet long faced with iron and curved upward
at the front end. This template acts as a check on the first one,,
taking off any high places and filling in any low ones. A new
steel template is now in course of preparation which will have
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three faces placed about one and one half feet apart, the rear
two being tilted backward slightly so as to smooth down and
compact the concrete. This template will be pulled along the
form on seven-foot runners, projecting a foot or more in front
of the head face.
These runners, instead of rollers, are used on the templates
in order to eliminate any irregularities in the surface or at the
joints of the forms. The rollers drop into any depressions,
leaving the concrete with the same contour as the surface of the
Finished Pavement
form. They also concentrate the weight of the template, tending
to make irregularities in the form, especially at the joints, while
the runner distributes this weight over a large area. Instead
of having the same crown as the finished pavement, the faces
of this new template will be crowned one and one half inches
to allow for more compacting of the concrete and for a greater
depth of embedment of the brick, while still maintaining a final
en >wn of ( me inch.
After the template cuts off the concrete to the desired crown,
the concrete is tamped with a crowned tamping template. This
template i-> made of two 2 x 10-inch planks placed vertically,
between which is placed a [x6-inch strip extending diagonally
Upward and outward from each end, and containing at the end
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a handle for moving this template up and down. The bot-
tom edges of these planks are crowned \ x/\ inches, simi-
lar to the dragging template, and have a 1 x 10-inch strip
nailed to them as a tamping face. The upper part of the planks
extends out over the edge of the form while the lower part is
cut in to the width between the forms, the depth of cut being
the distance between the concrete and the top of the form. This
template is operated with a vertical, tamping motion by two
men. A thin coat of mortar is thus bushed to the surface, upon
which bricks are laid.
Applying the Grout
Upon this mortar surface the bricks were placed and rolled
to a smooth, even surface with an eight hundred pound water
ballast hand roller. The bricks were carried in tongs from the
piles to the pavement, and stacked in regular order for laying
so that the lugs would all be in one direction and the best face
up. Inspection was made at this time, and all rough, broken,
or cracked bricks were either turned over or put out of the
pavement.
The bricks were grouted immediately after the rolling was
completed. The grout was made of equal parts of cement and
sand, mixed to a uniform consistency in a small Marsh-Capron
grout mixer. The sand was of such size that it all would pass
number twelve screen, and if necessary, it was screened in the
yard. It was then sacked and placed along the roadway with an
equal amount of cement, so that no time was lost in measuring.
This also maintained a uniform mix, so that with a constant
amount of water, grout of the same consistency was obtained.
The first coat, of the consistency of thin cream, was run on
from the mixer through a spout having a grating on the lower
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end to catch any lumps that might have escaped the operator's
attention. It was broomed into the joints and allowed to set.
The second coat was put on within an hour, lint was carried
hack in wheelbarrows instead of running the mixer hack over the
pavement already grouted. This second coat was of the con-
sistency of cream, slightly thicker than that first used, and was
worked thoroughly into the joints with a squeegee. The material
along the edges was made somewhat thinner by sprinkling the
sides slightly before applying the second coat. This insured a
thorough rilling along the edges of the pavement. A small
amount of grout was left on the pavement at this time to
provide for settlement. When the grout had partially stiffened,
the pavement was gone over a second time with the squeegee,
tilling all joints and cleaning the grout off flush with the surface
of the brick. All operations were carried on within one hundred
feet of the mixer.
When the grout had hardened sufficiently, the pavement was
covered with two inches of earth, and kept wet for ten days.
Traffic was kepi off for at least three weeks. The pavement
was then cleaned off. the shoulders shaped tip. and the three
foot macadam or gravel shoulders placed and compacted by
rolling.
In the usual organization for the carrying on of this work,
thirty-two men are required. They are distributed as follows:
Ahead of the mixer are: two form-setters, five wheelers, three
shovelers, and one cement man. At the mixer are the operator
ami the fireman. Behind the mixer there are two men spreading
concrete. Another carries forward the hoards upon which the
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mixer is run, and assists in tamping the concrete. In the paving
gang, there are one bricksetter, three stackers, one starter (who
helps with the tamping), one batter, five carriers, one culler, and
one roller. Three men usually suffice to grout the pavement.
Finally, one man is needed to keep the pavement wet down and
to pull the forms. With this organization and a good mixer,
seven or eight hundred feet of pavement is a good day's work.
There are no expansion joints in the pavement, care being
taken to bond each day's work to that previously laid. In the
work so far completed, contraction cracks have occurred
straight across the pavement at intervals of from sixty to one
hundred and twenty five feet, depending upon the temperature
at which the pavement was laid. The suggestion has been made
that a strip of tarred paper placed through the slab at intervals
of thirty-five feet would act as a contraction joint, eliminating
the danger of contraction cracks being formed in a jagged line
across the pavement with the accompanying possibility of having
several bricks loosened. This proposal seems quite reasonable,
but has been the subject for much argument among engineers,
and no definite conclusion has been reached concerning its merit.
With this type of construction, the most important part of the
work so far as obtaining a smooth surface is concerned," is at the
mixer and the templates. Intelligent rolling of the brick is a
necessity, but if the concrete is not of uniform consistency
almost no amount of work short of taking up the brick and
re-shaping the concrete will make the pavement smooth. Too
great emphasis cannot be placed upon this detail of the work.
The proper operation of the mixer to insure a uniform con-
sistency of concrete is imperative.
A DEFENSE OF RHETORIC
SADA A. HARBARGER
Rhetoric, required of every underclassman engineer, has pro-
bably been subject to more unfavorable criticisms, and has had
to withstand more vigorous attacks than any other seemingly un-
related subject in the whole curriculum of the technical student.
It seems worth while, therefore, even at the risk of being thought
biased, to offer some defense.
The engineer, in my opinion, should consider rhetoric as a
study from which he may acquire for every practical purpose
remorseless and scientific efficiency in the use of words; a study
from which, through his reading, he may gain a glimpse of the
cultural things of life.
Of first consideration is the practical value of rhetoric to the
engineer. It may meet two of his needs. First, careful training
in this subject early in a student's college course in engineering
equips him to express satisfactorily his ideas in all the courses
he may take. In written quizzes, in papers, in oral recitations,
on all occasions he is able to demonstrate that he not only km »ws
but also can express his knowledge. Rhetoric, therefore, is a
tool which can be put to immediate use. Second, college training
in rhetoric will be of service to a man after he is out in
professional life. For it is a generally conceded fact that, though
two men may possess an equal amount of technical information,
the man who is capable of using his mother tongue accurately
and effectively can gain recognition where the one unskilled in
rhetoric cannot. Concerning the importance of this subject to
the engineer one does not need to accept the opinion of the
rhetoric instructor, who is generally considered a prejudiced
witness. Fifteen hundred practical engineers, according to Dr.
C. R. Mann of the Carnegie Foundation, state that bad English
is responsible each year for more failures than inaccurate
mathematical calculations. The wise engineer looking ahead.
therefore, to the crucial time when he must make clear, in written
or oral speech, his ideas to his clients, his specifications tor some
great engineering projects, his reports on sites for buildings,
power plants, and railroads, on progress of work, etc, seizes every
opportunity to equip himself.
A little less tangible but of as much lasting worth as the first
is the cultural value of rhetoric. Through the wide range of
material which may be incorporated into this course the engi-
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neer can view not only technical fields but also those which
are far beyond technical bounds. Indeed, rhetoric gives an
opportunity for breadth of view at a time when there is no
other chance. For rhetoric is usually the one subject by which
a student may get away from technical subjects or subjects
prerequisite for strictly technical study before his junior year;
hence it is a means of escape from the monotony of the purely
technical and many times offer a student a much more profitable
way of resting his mind, wearied by practical studies, than the
motion picture or vaudeville.
Next, through rhetoric, an engineer may increase his efficiency.
Or, to use the words of a graduate engineer, "rhetoric gives an
opportunity for increasing the effectiveness of the engineer's
personality. That is, it may be made a means of increasing a
man's confidence in himself, for it may give him the tools and
the equipment for developing himself so that he can make known
his greatness." To be one of the best engineers, therefore ; to
explain, for example, the engine so that the uninformed, the
disinterested will not only admire its mechanical perfection but
also appreciate its possibilities as the individual engineer dreams
them, one must acknowledge that rhetoric is as essential to a
technical course as theoretical and applied mechanics. Further-
more, one could cite instance after instance of men who failed
to receive the recognition due them because they could not
express their own greatness. Hence to reach the highest
professional efficiency, an engineer must have control of his
mother tongue.
Again, in rhetoric, one has the opportunity of learning how
to express and set down for future reference his best—those
thoughts which are worth treasuring. No one takes time to put
into final form his trivial thoughts any more than he takes time
to preserve every newspaper and magazine. These slight
thoughts are not the epoch-making ones that dominate his life.
But every one, some time or other, has fine thoughts that demand
some effective and permanent form of expression.
And finally rhetoric gives one an opportunity to prepare for
future leisure hours. A prominent man at Illinois recently
pointed out that in the undergraduate days the student should
begin the reading which will be the foundation for all of his
future reading. Consequently the knowledge of good books and
good magazines which comes from the course in rhetoric may
aid the student engineer in laying the foundations for a sound
critical judgment which will be of service to him in reaching
sane conclusions when in future leisure hours he turns u>v
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recreatii >n to reading.
These then arc the advantages which an engineer may derive
From an open-minded interest in rhetoric. But perhaps one may
grant all these points, and still say that, from a standpoint of
relative values, technical studies are more essential to the
successful engineer than rhetoric. To counteract this feeling, I
should like to enumerate what 1 helieve are the essential
characteristics of the good engineer. In my opinion, the finest
engineers possess these qualities which 1 shall arrange in
ascending order
:
1. Practicability
2. Shrewdness
3. Thought fulness
4. Reliability
5. Enthusiasm
(1. Balance
7. Imagination
8. Idealism.
Every one of the characteristics, except perhaps the last, has
been noted many times before now. Yet I believe that frequently
the student engineer either has never carefully checked his
original capital and has plunged into his engineering course
blindly, or else, under the pressure of meeting the immediate
requirements, has lost sight of the most important at least of the
cardinal virtues. The good engineer, however, is imaginative,
and dreams dreams and sees visions. And because he is practical,
shrewd, thoughtful, reliable, enthusiastic, well-balanced, he is
able to make his dreams realities—realities which are of service
to mankind, realities which advance the tiring line of his genera-
tion.
Someone has said: "Tell me what a man reads, and Til tell you
what he is.'* 1 should like to adapt this quotation thus:
"Tell me an engineer's final attitude toward rhetoric and I'll tell
you what kind of an engineer he is." For I think tint his final
attitude discloses the underlying principles which will ultimately
dominate his life. IIh attitude indicates whether his profession
will l»e ranked with the great professions. In fact, it reveals
whether he i^ a man with ideals and standards.— a man who is
competent not only to plan and to execute great engineering
projects, but also to take his rightful place in his community.
THE MANUFACTURE OF STARCH
J. M KETCH, E. E., 'i;
Starch, one of the commonest of household articles requires
a very complicated process to extract it.
Starch occurs in all amylaceous seeds and roots such as corn,
wheat, potatoes, beans and rice, but in varying percentages in
each, so that the extraction is profitable only from corn, wheat,
and sometimes potatoes. Because of its high percentage of
starch, the value of its by-products, its storing quality and the
ease of extraction, corn is the most used of any of the
amylaceous sources. Ordinary corn shows the following per-
centages of starch and by-products
:
Starch 65-66%
Feed 29%
Oil 4%
Waste 1 -2 '/<
The common commercial forms of starch are Pearl, Powder,
and Lump. The pearl starch is a powder which contains a small
percentage of grits and lumps, and is that form which is used
in great quantities by the manufacturers of paper and cloth.
Powdered starch is that form used for cooking purposes and is
the pearl which has been re-washed, ground or beaten to a fine
dust, and before being packed is run through fine silk sieves.
Lump starch is the powdered starch which has been heated, then
placed under a pressure and allowed to cool until it forms into
the familiar lumps known as washing starch.
The Starch Process
Altho it is difficult to follow the entire flow-chart at one
time, we will first try to follow the branches which lead to starch.
The corn is placed in huge vats which hold perhaps 2500 bushels
of the shelled grain, and warm sulphurous acid is circulated
through the grain for a period of from fifteen to eighteen hours.
The grain is next mixed with water and crushed, then run into
separators. These separators are large vats which have an over-
flow, and a bottom outlet. The germ, due to its content of oil.
rises to the top of the mass and is taken from the overflow; the
slop, which is the dissolved starch and gluten, and the husk of
the grain, flows out at the bottom.
Following the slop we see that the liquid is separated from
the husk by means of reels, and the grits are taken out of the
liquid by means of fine silk shakers. This now contains the dis-
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solved starch and gluten which can be separated by means of
their differences of specific gravity. This separation constitutes
the tabling process.
The table house has on each floor many long narrow troughs
into which this liquid, or light starch, is slowly run. Due to
its greater density, the starch settles out in the head of the
troughs and the gluten and water collect at the tails or else go
on out of the lower end.
When a trough has been filled with solid starch, it is shoveled
out and conveyed to the kiln-house where it is subjected to a
hot blast for from twelve to eighteen hours after which it breaks
up into powder and small lumps. This is the pearl starch used
by cloth and paper manufacturers, hence is generally bagged in
hundred-pound bags.
Some of the pearl starch is re-washed to remove all traces of
sulphurous acid, and is again made into pearl form, after
which it is ground or beaten to an extremely fine powder. The
powder is then passed through very fine silk reels to remove all
traces of grits, and then packed in small boxes for cooking pur-
poses. This powder has some very peculiar properties. It has
a very low coefficient of friction and has to be handled somewhat
after the fashion of a liquid as it leaks out of small cracks very
easily.
Some of the pearl starch is ground very fine and after being
heated to 125 degrees F, is packed into steel cylinders under a
pressure of 150 lb. per sq. in., and allowed to cool for eighteen
hours, after which it is taken out in the lump form. This is
the bulk lump starch so familiar as washing or gloss starch.
By-products
Following the germ from the separator, we see that after being
dried and ground it is heated. While in the heated condition it
is passed between very hot rolls which extracts all but a small
percent of the oil. This cake is ground fine and bagged as it
makes a very fattening food due to its oil content. The oil is
similar to olive-oil and is used by soap and cooking-oil manu-
facturers or may be made into an imitation rubber out of which
rubber sponges and hot-water bottles are formed.
After the starch and gluten have been taken out by means of
reels, we have left the husks of the grain and the small bits of
cob which form the base and filler for gluten feed. The husks
are agitated with water in a tank while the grits from the silk
shakers, the gluten from the overflow of the tabling process, and
the sweet liquor from the steep water are mixed into it, after
The Manufacture of Starch 267
which it is dried and bagged. Due to the high gluten content,
this makes a good milk producing feed and the sweet liquor from
the steep water makes it palatable to the cows.
Transmission Systems
Because of the complexity of the process, the machinery and
transmission systems must be very complicated, but because the
process is a continuous one, and one system of machines feeds
the following machines and must take all the output of the pre-
ceeding machine, the transmission must be very reliable, since a
shut-down, even though temporary may be a serious event, even
to the extent of paralysing the entire system of one branch of
the process. It is a common practice to design the transmission
units with a one hundred percent overload factor to be on the
safe side. Another precaution is to run all machines either
independently, or, machines that depend upon each other from
the same source of power so that a shut-down will not be so
serious. The piping used in pumping the starchy liquid must be
renewed about every two years because of the deterious effect
of the sulphurous acid present. Spiral or helecoid conveyer and
conveyer-belt are the most common form for dry material con-
veyance. Spiral conveyer is very dangerous to work around
unless they are carefully covered. One of the most common
form of injury around a starch plant is the loss of a foot or
hand in a spiral conveyer. Dusty and light substances are often
transmitted from one building to another by means of a blower
system and collected in a drum or cyclone.
Milling Machines
Two of the most valuable machines in the wet part of the
process are reels and shakers. Reels are hexagonal in shape to
give the material inside of them a beating action. These are
covered with perforated copper panels and generally run at from
twenty to thirty revolutions per minute. The shakers are covered
with a very fine bolting silk, to retain the finest particles from
the starch, and generally run at four hundred vibrations per
minute. Other machines are, wringers used to extract moisture,
and huge rotating heated hollow drums for final drying uses.
As can be seen from the flow chart, the process is very compli-
cated and as one might suppose, the Superintendent, Chemical
Engineer, and Transmission Engineer are very busy men. A
starch factory furnishes many new and novel forms of engineer-
ing not to be found in any other realm of manufacturing, and
in all is a very interesting subject to one who likes that kind
of work.
GASOLINE STORAGE
B. F. GEYER
Wayne Oil 'Funk and I'limp Company
The proper storage of gasoline has become a very important
factor as a result of the development of the gasoline motor or
engine. Less than fifteen years ago gasoline was considered a
by-product of crude oil. Today it is the most important product
and engineers and scientists are putting forth every effort to
increase the percentage of gasoline ohtainable from a given
amount of crude- oil. or to create a satisfactory substitute.
The Government report shows that in [909 the producer- had
serious trouble in disposing of 13,000.000 barrels, or 520.000.000
gallons of gasoline. In [916 the total amount of gasoline pro-
duced, according to the same source of information, will exceed
50,000.000 barrels, or j.ooo.ooo.oco gallons. An increase in
seven years of approximately 400' , .
Dr. W. F. Pittman, a Government chemist, devised a means
known as "cracking", which has permitted the producers to in-
crease the percentage of gasoline obtainable from a given amount
of crude oil. Tin- invention, or idea, has been a boon both to
the producer and the consumer.
The proper storage of gasoline involves three prime elements
—
Safety, Economy, and Convenience. The most important of
these- three i- safety. Unless proper safeguards are thrown
about the storage of gasoline it involves a tremendous hazard
to tin- public in general on account of the enormous quantities
required to meet the demand.
Insurance companies have recognized this fact and have laid
down in most instances certain rules that must be followed.
Cities have also passed ordinance- regulating the storage and
handling of gasoline. In general, the requirement of both cities
and insurance companies necessitate the storage of gasoline in
underground container-. The size of the container is governed
principally by local ordinances. In some instances cities will not
permit underground container- of more than 250 gallons; in
others the maximum will run as high as [000 gallons.
City ordinances also regulate the method of covering a tank.
In a few instance- they require that the tank be placed in con-
crete. In other instances, they require the tank to be covered
with concrete.
City ordinance- require that the tank be located -a certain dis-
tance from building- and below the lowest point of the surround-
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ing buildings with a certain prescribed distance. The thickness
of the material used in constructing an underground tank, or
container, is governed by local ordinances. It is also governed
by the Uniderwriters' Laboratories in their specifications. In
most cases tbe container is required to be at least two feet below
the surface of the ground. It must be properly vented by means
of a special vent pipe conducted up the side of tbe adjacent
building to a certain point., or by means of a special venting
device attached to the fill pipe through which the gasoline is
poured into the underground container.
The gasoline is drawn from this underground tank by means
of three general methods. One is known as the suction and force
pump; a second, the hydraulic pressure method, and the other
pneumatic pressure method. The most common of all these is
the suction and force pump. The hydraulic method simply
means that a certain amount of water is admitted to the storage
tank and this water displaces a similar amount of gasoline. In
the pneumatic system tbe same method is followed. Air is ad-
mitted to tbe underground tank, or to an auxilliary tank, dis-
placing a certain amount of gasoline.
It is ordinarily conceded that tbe pump system is tbe safest.
All of tbe pumps used for this purpose vary in design and con-
struction. The principle involved, however, is about the same.
On the Wayne system, tbe pump is placed either in tbe building
or out on tbe sidewalk at the most convenient place for deliver-
ing gasoline. By means of a pipe, known as a suction line, tbe
gasoline is drawn from the underground tank into the pump.
This suction line is provided with certain valves that prevent tbe
gasoline from returning to tbe tank.
A cylinder is provided in tbe pump which will displace a
given amount of liquid. This cylinder usually has a one-gallon
capacity, or 231 cubic inches. The pump is so arranged that tbe
upward travel of the suction plunger may be engaged at certain
points so that the operator can discharge a half-gallon, quart or
pint, as desired. This gasoline is either discharged into a con-
tainer, or by means of a special bose attachment, directly into
tbe reservoir of the automobile.
Tbe construction of tbe pump varies according to tbe local
conditions involved, but the principle remains exactly the same
through all of the different types.
This method of storage keeps the gasoline underground, where
the tendency toward evaporation is at its lowest point. It does
not permit the gasoline to be exposed to the air until it is dis-
charged into the car or into the customer's container. Tbe tank,
suction line and pump are air tight.
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Economy demands a system of this kind, due to the fact that
it is essential for the public in general to safeguard the con-
sumption of gasoline. The price naturally depends upon the
demand, and the more the use of gasoline can be economized,
the lower the price will remain. Thus from a dollars-and-cents
Standpoint, the public is interested in the conservation of this
liquid.
In addition to that, if gasoline is permitted to remain in an
open container, or in any kind of a container that is not expora-
tion proof, the gases escape into the atmosphere, reducing the
1
lower units in a given amount of gasoline. Consequently, gaso-
line that is stored improperly does not possess the life or power
that gasoline does when properly stored. The average motorist
realizes this fact and usually insists on gasoline that has been
kept underground. Much now depends upon the convenience of
devices of this kind. The American public is on the run most
of the time and they require quick, accurate service. All things
being equal, they will invariably patronize the person who fills
their wants quickest. As a result, the method of storage de-
scribed acords a tremendous convenience to the buying public
and is appreciated by the merchants who cater to the public.
The question of storage of gasoline, as well as other volatile
liquids, is one that is sure to increase as the gasoline motor is
improved. There are hundreds of thousands of automobiles,
motor boats, trucks, marine engines, etc.. sold every year, and
this number has been increasing each year ever since this device
has been brought to a point of commercial perfection. As a
result of this condition the importance of proper storage of
volatile liquids used for power in these devices will continue to
increase.
An extensive investigation is being conducted by the T. & A.
M. Department and the Railway School jointly, which is intended
to develope information concerning the effects of variations
in speed and pressure on the rate of rise in temperature in
chilled iron car wheels. This will make it possible to evaluate
the wheel stresses which arise in operating trains down long
grades under circumstances when the brake shoes are continu-
ously applied. R. E. Turley '13, who is in active charge of the
work, says that the tremendous developement in car capacities
and speed at which traffic is moved necessitates a change in the
design of chilled car wheels. These tests will determine largely
the character 1 if change.
TEST OF A DEEP WELL PUMP
A. M. TOWER, RY. E. E., '17
During the past summer, a real-estate and building company
by which the writer was employed, installed an electrically driven
pump on a deep rock well. This pump is to deliver water to a
new sub-division, and was used to supply water to the paving
gangs during the construction of the curbs, streets, and sidewalks.
The test was run to determine whether or not the pump would
come up to the specifications submitted by the engineering
company.
The pump is double-acting, with a rated capacity of fifty-five
gallons per minute, at a working speed of fourty strokes per
minute. It is geared to a 220 volt, 3 H. P., A. C. motor. A small
air compressor is geared to the same shaft. The pump and
•compressor both discharge into a pressure tank, from which the
supply pipes run to the discharge points.
The motor was controlled by an automatic regulator, which
closed the motor switch when the pressure dropped to thirty
pounds, and opened it when the pressure reached sixty pounds.
The test started with the pressure tank empty of water and
the air in it at atmospheric pressure. Readings of power
consumed, pressure developed, and water in the tank were taken
at intervals of time as shown on the data sheet.
The power was registered on an integrating watt-hour meter,
graduated in watt-hours by halves, and for that reason, the
tenths were estimated when the readings were taken.
The amount of water in the tank was read from the water
gage. The distance from the bottom of the tank to the lower
gage connection was added to get the correct height of water in
the tank.
Calculated Data
Complete calculations were made for each interval of time over
which readings were taken.
The power was determined as follows :
—
The reading of the watt-hour meter at the beginning of the
interval was subtracted from the reading at the end. the difference
being kilowatt hours. Multiplying this by 1000 gives the result
in watt-hours and dividing by the time intervals reduced to
decimals of an hour gives the power in watts.
Here, however, it was necessary to make a correction in the
data. As is shown in the first calculation of power the rate of
work seemingly varies thru wide limits as the load on the pump
increases. There is no reason to suppose that the load did not
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increase al a rate according to some law so a corrected set oi
power data was calculated as follows:—Curve i Fig. i was
drawn with the points actually read on the watt-hour meter but
which were in error ever so slightly due to inability to read the
tenths and hundredths. A regular average curve, Curve II, was
then drawn, including the first and last observed points and as
many of the others as possible. Curve II was extended beyond
the last observed point to get a point showing power during the
last interval, twenty seconds, which could not be observed on
the meter.
FlG. i. Energy—Time Curves
Corrected values of watt-hours, and watts were obtained from
curve I i
.
The motor supplied with the pump was a 3 11. P. motor and
the percent of normal II. P. input was determined from its
rating as follows
:
The efficiency of the motor at each load was interpolated from
the curve supplied by the Wagner Company.
3 X 746 = 2238 watts normal rate at 100', efficiency.
Normal watts at 100', efficiency
Efficiency at 3 II. I'
Normal Kate
watts normal at 3 1 I. I'.
Rate any reading X 100 = Percent normal IT. P. input
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By multiplying the percent normal 11. P. input by the
efficiency of the motor at that load and reducing to H. P., the
input to the pump is determined.
The reduction of the volume of water from inches as read on
the gage glass to gallons for calculations was determined by
calculus as follows :
Figure II represents a view of the tank. Representing the
length by L, the radius by r, and the distance the water stood
below the center of the tank at any instant by Y, the volume by
V, the interval of the volume took the following form.
Considering ]/2 the tank and multiplying by 2,
Fig. 2. Sketch of Tank
But x, the distance from the center line to the circumference
of the tank varies with r-y, the height of water in the tank:—
x2
-f y
2
=r2 or X = -\/x 2 —
y
2
,
and the integral becomes
V
"i V
r- — y
2 dy
which will give the volume of any horizontal section of the tank
depending on the values assigned to the limits y, and y2 . Divid-
ing by 231 reduces the volume to gallons. The integrated ex-
pression is '
V = 2L
"231"
arc sin \- l/> \/r- —• y-
r
r
Jy,
By substituting different values of y for y, and y2 , the gallons
of water in the tank at the end of each interval was determined.
There was an error in the individual readings of water, because
of inability to read the gage glass accurately, partly on account
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of its position, but the final reading was quite accurate, so the
total water raised was known within close limits. A good average
value for the number of gallons of water pumped was calculated
by dividing the total number of gallons raised by the number
of minutes taken by the test. The results in the column marked
average gallons of water, were obtained by multiplying this
average gallons per minute by the length of the interval, and the
weight of water raised determined from these averaged readings.
The total head against which the pump, was working during
an interval was determined by adding to the height thru which
the water was lifted, the equivalent head in the tank. This
equivalent head is equal to the product of the average pressure
in the tank over the interval, by the equivalent head of one pound
pressure, or
Total head = 2.3 x Average pressure + lift in feet.
Ft. of Head pumped against X pounds of water raised
_
(33,000) X (no. of minutes in the interval)
developed by the pump during the interval.
Considering the efficiency of the train of gears from the motor
to the pump as 93%, the input to the pump and its efficiency
were calculated as follows :
% Normal H. P. input X motor efficiency X gear Effi. = H. P.
delivered to pump.
H. P. developed by the pump
H. P. input to the pump.
=pump efficiency.
It can be seen that over the entire range through which the
pump normally works, i. e. from 30* to 60S, the motor is draw-
ing from 3.2% to 207% overload.
As the natural result of this test, which shows that the motor
supplied was too small for the work it had to do, the company
that installed the machine was notified and after they determined
the same thing for themselves, changed the motor to one of
greater capacity.
ILLINOIS AS A MINERAL AND METALLURGICAL
CENTER
E. A. 1 1 OLBROOK
Assistant Professor of Mining Engineering
[f a tourist fn>m abroad were to ask advice from an ordinary
business man in New York as to what he would see in passing
through Illinois, he would undoubtedly he told of the stock yards
in Chicago and the broad cornfields throughout the state. Should
he be of a mining bent of mind and ask if there were anything
of mining and metallurgical interest in the state, the probabilities
are that he wotdd he told he must stop in Pennsylvania or go
on to the Rocky Mountain States for such industries. When a
distinguished educator asks : why should a mining school be
located in the corn belt, when a Governor of Illinois asks if
there is any zinc smelting in Illinois and when the president of
the leading engineering society in the state expresses astonish-
ment when told of the value of the mineral output of Illinois.
our business friend from the East should not be criticised too
severely.
No only is Illinois a great agricultural and manufacturing
state, hut in value of mineral production she ranks third among
all the states of the Union, being outranked by Pennsylvania
and West Virginia only. The values and diversity of the mineral
and metallurgical products are shown by the accompanying
tables
:
The enormous total of nearly $175,000,000 (excluding lead and
zinc smelted) conveys an adequate idea of the yearly production
from Illinois mines and other mineral deposits, and allied metal-
lurgical industries. An industry of the magnitude shown by the
figures can not he adequately treated in a short article, and the
following notes give but a few of the interesting facts hearing
upon the mining and metallurgical interests of the state.
Asphalt: There are four refineries in the state producing
manufactured or oil asphalt obtained from certain grades of
crude petroleum.
Cement: Illinois ranks fourth in the list of states in produc-
tion "l' poriland cement. The industry is located in the northern
pari 'if the state in I. a Salle. ( >glesby, Dixon and South Chicago.
In all. there are six large plants, each including a rock mine
or an open rock quarry and grinding and clinkering mills. There
is also "tie natural cement plant in the state. At all of these
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VALUES OF MINERAL PRODUCTION IN ILLINOIS IN 19151
Asphalt $ 1,041,378
Cement 4,884,026
Clay Products 14,205,222
Coal 64,622,471
Flouspar-
Lead 89,676
L ' ni e 35-^.954
Mineral Waters 75,290
Natural Gas 350,371
Petroleum 18,524,335
Pyrite 22,476
Quartz ( including fluospar) 729,812
Sand and gravel 1.984,569
Silver 1,959
Stone 2,907,410
Tripoli 502,937
Zi:ic 1.372,432
.Miscellaneous ( 1913 figures) 1,756,126
Total (Subject to revision) $113,423,444
Values of Metallurgical Production ix Illinois
(From Mineral Resources of the United States of the year quoted).
Coke ( 1915) : $ 7,016,635
Mineral paints, zinc and lead pigments (1915) 8,195,435
Pig Iron (1913) 45,796,966
Sulphuric acid (as a by product from zinc smelting, 1913L... 1,303,986
Zinc (spelter) 319,916,000 lbs. in 1915 but value not available.
Lead smelted—value not available
Total $ 60,313,022
1 Furnished by the State Geological Survey.
-Figures concealed with quartz as there arc two producing companies
only.
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plants the cement is made from limestone and clay, excepting
the Universal Portland Cement Company at South Chicago,
where blast furnace slag is granulated and mixed with limestone.
With cheap and abundant coal, limestone, and clay deposits and
excellent transportation facilities there is every reason to suppose
that cement plants will multiply in other parts of Illinois.
1 1 ay Products : Under this heading are included the products
of the ceramic industries of the state, of which the raw product
is generally clay or shale. With 187 active firms in [914, Illinois
stood fourth in the list of states in total values produced by
this industry. It is the leading state in the production and value
of common brick and in the value of architectural terra cotta,
second in vitrified paving brick and stone ware, third in enameled
brick, fourth in front brick and drain tile, and fifth in sewer pipe
and fire-proofing.
Coal: Of all the states in the Union, Illinois ranks third
in production of coal and about ten per cent of the total United
States' production comes from this state.
The first mention of coal within the present United States
was by Joliet and Marquette, whose map dated 1674 shows
"cole" 1 carbon de terre), near the present city of Utica. Accord-
ing to the Illinois Coal Report for 191 5, coal is produced at
present in fifty-two of the one hundred and two counties in the
state, excepting for the three northern tiers of counties and parts
of counties bordering on the Mississippi river and on the Ohio,
practically the balance of the state is underlaid by coal, the
area amounting to about 37,000 square miles. In 1915 there were
seven hundred ninety six mines at which 80,035 men we,"e
employed.
The world's hoisting record for coal mines is within the state
and at one mine in Montgomery county during the past year,
there was hoisted in one day fifty-eight hundred tons. Xo other
state has so large a number of mines capable of producing four
thousand tons and over per day.
All of the methods of mining bituminous coal are worked within
the -tate; namely, stripping, room and pillar, panel, and longwall.
The longwall field in the northern part of the state is the most
extensive longwall district in America and it is visited by all who
wish to study that method of mining. The stripping mines near
1 )anville are pioneers in this phase of mining and in this district
many of the developments of the modern steam shovel have been
worked out. At present there are a number of five-ton shovels
operating and one with a dipper holding eight- tons is certainly
one of the largest, if not the largest shovel in the world. Seldom
i< it possible to see in one area so many phases of mining
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illustrated as may be seen at the Western Brick Company near
Danville, where the glacial surface deposit is first hydraulicked
oft", then the shale is removed with a steam shovel and then
the underlying coal is quarried. ( )n the same property is a drift
mine.
The coal production in Illinois has nearly doubled every ten-
year period and by the end of 1914, the amount mined or wasted
in mining was over one and one-third billion tons. According
to the State Geological Survey the coal reserves of the state
are about two hundred billion tons and the state has a larger
area of bituminous coal than any other state.
An auxiliary industry, coal washing1 , is extensively carried
on and places the state third in the amount and value of the
washed coal produced and first in coal washed for domestic
purposes.
Fluospar : This important mineral, which is used as a flux
in the manufactured open hearth steel is produced from mines
in Hardin county. In production Illinois easily leads the other
states, as 1914 statistics credit about seventy-five per cent of
the country's production to her.
Lead and Zinc (mined): The lead and zinc mines of the
state are in two widely separated districts : ( I ) Those in north-
western Illinois, in Jo Daviess county, and ( 1 ) those in southern
Illinois, in Pope and Hardin counties.
The lead and zinc ores from northwestern Illinois come from
the important field that extends into Wisconsin and Iowa. The
recent high prices of the metals has greatly stimulated mining
in this field.
The early history of Illinois and of the Middle West is closely
associated with the lead mines of this region which occur in
an area of about six hundred square miles, although not all of
this is productive. Lead ore was reported from the upper
Mississippi valley by French explorers in 1658, and while there
seems to be some uncertainty as to the discoverer of the ore,
in 1687 it was shown on Father Hennepin's map. By 1836
Galena had become a typical western mining town and was the
objective point for railroads running west from Chicago and
up the Mississippi valley. Large Mississippi packets entered
the Galena river and fifteen to twenty river boats loaded with
supplies or ore were frequently seen and the wharves were piled
high with pig lead awaiting shipment. Although the shipments
of lead have gradually decreased from these early days, the
district is still one of the lead producing regions of the United
States. The decrease in lead production has, however, been
closely followed by an increase in zinc production from the same
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region ;m< 1 while zinc was formerly thrown away as useless, it
is now the principal production of the Galena district.
rhe kad and zinc ores in southern Illinois occur in association
with fluospar and arc separated from it after mining. The
structural relations and mineralogic associations of these ores are
in striking contract to those in northern Illinois. ( )ne peculiarity
is the silver content of the galena, which ranges up to twelve
and fourteen fine ounces per ton of lead concentrates, and
furnishes a notable exception to the other lead ores of the
Mississippi valley. ( )ne modern fluospar, lead and zince concen-
trating plant in this district has a capacity of five hundred tons
of ore per day.
Lime: With sixteen plants in operation. Illinois ranks eleventh
in the list of states in value of this product.
Mineral Waters: Including both table and medicinal waters
the rank of Illinois is twenty-first.
Natural Gas: Most of the state's production comes from
Cumberland, Clark, Crawford and Lawrence counties, although
recently new wells have been opened in the western counties.
With 3,547,84] thousand cubic feet produced in 1914. the rank
of the state is tenth. An important and growing auxiliary to this
industry is the production of gasoline from the natural gas. In
[914 there were produced from this source 1,164,178 gallons.
Petroleum : In production of petroleum, Illinois stands third
among the states, being led by California and Oklahoma only.
The 1014 production amounted to 21, 919.749 barrels from 14.800
oil wells. For, the year 1,579 neNV wells were reported
distributed among twenty-one counties. According to the Illinois
Geological Survey there has been drilled prior to 1913 over
20.000 wells in a territory covering about two hundred and fifty
square miles in the eastern central part of the state.
The oil excitement of the sixties in Pennsylvania and other
eastern states was felt in Illinois in 1865. Drilling was done
for oil in Clark county, but the results were not sufficiently
encouraging to warrant development at that time. About the
same time oil was discovered in connection with mining near
Litchfield and for many years oil was skimmed from the mine
sumps and utilized. Gas wells near Litchfield were drilled in
[882, marking the real beginning of the gas industry, but the
development was slow and not until 1905 was this branch taken
up actively again. Since ujoo the oil industry has been largely
developed in the southern central part of the state and along
the western border.
The production ^'\ petroleum which has extended over twelve
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years is already showing a marked decline, and unless new
rields are discovered and there are evidences of such discoveries,
the petroleum industry can not be expected to last far into the
future.
Pvrite : Much of the pyrite produced in the state is obtained
as a by-product in coal mining, principally, from several mines
near Danville, Vermilion county, from (den Carbon. Madison
county and from Soperville, Knox county. Considerable pyrite
produced as a by-product from lead and zinc ores mined in
northwestern Illinois is not given under the mineral production
of Illinois for the season that it is recovered in the mills of
southwestern Wisconsin. Compared with the other states,
Illinois ranks fourth in quantity of pyrite produced and fifth in
value.
Sand and Gravel : Illinois ranks second in the production
of glass sand, and also produces large quantities of moulding
sand, building sand, grinding and polishing sand, fire and furnace
sand, and engine and other sand.
Stone: In value of stone mined or quarried (building stone,
fluxing stone, etc.), Illinois ranks eighth, having ninety-five
plants engaged in the work.
In production of furnace flux alone, which is mostly limestone,
the state ranks third.
Tripoli : The material called tripoli is a light porous and
generally purely siliceous rock which has resulted from the
leaching of calcareous material from very siliceous limestone
or highly calcareous cherts. The Illinois product ( which many
of the producers prefer to call "silica") is ground after mining
and used as paint, wood filler, metal polish, in soaps, in cleaners
for making glass and for facing foundry moulds. Some is used
in block form for the manufacture of filters.
In production, Illinois easily leads the country, the last com-
plete statistics available (1913) showing 60 per cent of the pro-
duction as coming from Illinois mines. At that time there were
six mines in Union county and two in Alexander county reporting
production.
Metallurgical Industries: The Engineering and Mining
Journal about two years ago in an article headed "Chicago the
Middle West Metallurgical Center" presented a map of a district
about Chicago that included scarcely more than the so-called
Chicago switching district, but in that small area were twenty-one
metallurgical plants. The list included eleven iron and steel
companies and by-product coke works, seven non-ferrous smelting
companies, one oil refinery, one chemical company and one paint
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factory. The article concluded "With no natural harriers to its
growth on the north, west and south, nor to the cast after Gary,
with cheap fuel and iron ore, situated between the western
smelters and eastern markets, who can estimate the coining
importance of Chicago in metallurgy.
So much for the territory immediately tributary to Chicago,
but only thirty-live miles west of Chicago is Joliet with its great
steel plant, coke works and quarries, then sixty miles further
west are La Salle, Peru, and Depue with three large zinc smelters
and rolling mills, and in the same district are three cement mills,
and to tin- east near Ottawa and Utica a glass sand industry. In
central and southern Illinois are other zinc and lead smelters.
Coke: With six hundred and twenty-six by-product ovens
built, Illinois in 1014 ranked fourth among the states in the
production of coke. The plants are mostly in the Chicago metal-
lurgical district. The coal charged into the ovens during the
year amounted to about 2,000.000 tons and gave an average yield
of seventy-three and eigh-tenths per cent coke. The value of
the by-products such as gas, tar, ammonia, benzol, etc.. are not
obtainable hut are large.
Pig Iron: Illinois ranks third in the production of pig iron,
witli twenty-six blast furnaces producing, all in the Chicago
metallurgical district. The Chicago metallurgical district properly
includes the great metallurgical plants in northern Indiana. Were
the production of these plants included in the Illinois total, coke
and pig iron would assume even greater importance.
Lead Smelters and Refineries in Illinois: There were six
lead smelting plants operating in Illinois in 1914, four in the
Chicago district, of which three were secondary and one primary.
1 By primary is meant that the smelter produces metal from the
ores, by secondary that metals themselves are remelted and
refined. ) There is also one large primary smelter at Collinsville
and a secondary smelter at Granite City. Detailed figures of the
value of the production are not available.
Zinc Smelters: Illinois is the most important zinc smelting
state in the Union, producing nearly forty per cent of the total
spelter output of the country.
In [852 a zinc smelting plant was erected in La Salle, and from
this beginning has grown the present extensive industry with
smelters at La Salle. Peru, Depue, Danville, Springfield,
Beckemyer, Sandoval, Hillsboro, Collinsville. and East St. Louis.
Detailed figures of the value of the production are not available.
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Sulphuric Acid: An important by-product produced in the
roasting of the zinc concentrates at the smelters is sulphuric acid.
Figures showing the value of the total production are given in
the table of Metallurgical Products.
In 1870, Prof. S. W. Robinson, who was the first Professor
of Mechanical Engineering and Physics at the University of
Illinois, established the first shop laboratory in connection with
an educational institution in this country. The shop was a two
story frame building located at the corner of Wright and Rail-
road treets. The upper floor was used as a wood shop and on
the lower floor was the machine shop. A drill press, planer,
and a small lathe together the necessary shafting were placed
in the machine shop, but on account of lack of funds, power
was still wanting. Not to be deterred, Professor Robinson and
his students began the painful operation of building a small
horizontal steam engine, one of the students furnishing power
for the machines by pulling on a continuous belt. The engine
completed, work progressed more rapidly. The mechanical
engineers of the class of 1878 constructed and presented as a
memorial the clock which is in the University Hall tower.
Professor Robinson died at Columbus Ohio in 191 1.
J. S. Housman '14 with the Goodman Mfg. Co. of Chicago is
at present at Scranton, Pa., introducing a new underground
mechanically-operated shovel.
L. R. Pell '14 is with the South American Electric Smelting
and Syndicate Co. at Pa Paz, Bolivia. Bell is in charge of the
operation of the electric smelting furnaces.
Don Smith '14 has recently been placed in full charge of a
half-million dollar Standard ( )il project in Oklahoma for
making gasoline from head-gas.
W. S. Middleton '13 is operating a coal mine which he owns
at Canton. Illinois.
CHAIN BELT DRIVES
Man) of us have not been accustomed to think of a chain as a
medium for the transmission of power from one shaft to
another, but silent chain drive is coming into greater and greater
live for driving many machines as its merits become known.
When a very positive velocity ratio is wanted, we usually think
of a train of gears and let it go at that. Where there is just the
usual drive from one shaft to another, we think of a rubber or
leather belt. But when the characteristics of chain drives are
full) known, we can see that they are better adapted in many
cases than either gears or helts.
Chains are equally as well adapted for the transmission of
power at positive velocity ratios as gears, since there is no more
possibility of slipping between the teeth of the chain and the
pinion on the shaft than there is for slipping between gear
Link-Belt Silent Chain Driving Textile Mill Machinery
teeth. Added to this is the fact that the chains are run slack,
reducing the journal friction to a minimum. On actual test, the
efficiency of the chain drive made by the Link-Belt Company
i- 98.2 per cent while gears run from <;(> to 98 per cent efficient.
'1 hen too, there is less wear on a chain, as there are more teeth
in contact ami each tooth is not subjected to the great strains
thai appear in gear teeth. For this reason, the chains run more
quietly and last longer than equivalent gears.
\\ Idle the drive by chain is positive, it is at the same time
elastic. It drives equally well between long or short centers, and
transmits any amount of power at high or low speeds in either
direction in hot or cold and damp or oily places. For individual
machine drives, the short centers possible make for compact
arrangement.
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The chain consists of a series of leaves or plates, connected
by joints which compromise segmental case-hardened liners or
bushings, and case-hardened steel pins. The broached holes in
the heads of the links are of a form which provides a lock grip
for their own bushings, and a clearance space for the bushings
of adjacent pitches.
' 1
lllflj
Patented
Construction Details
Typical Link-Belt
Silent Chain Drive
Link- Belt Silent Chain
The best grades of steel for the various parts of the chain,
and the proper relatives hardening and heat-treating, have been
determined by many carefully conducted experiments, supple-
mented by an extensive practical experience. The utmost care
is exercised to secure uniformity and great accuracy in the chain
parts.
The wheels are properly designed, and the teeth carefully cut
by an accurately generated cutter. The larger wheels are usually
made of cast iron, and the pinions of steel.
The segmental liners, or bushings, which are removable, extend
across the entire width of the chain, thus doubling the bearing
surface, and halving the bearing pressure on the joint. The
bushings are case hardened, and bear upon the case hardened
pin. The latter is free to. and does rotate with reference to the
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bushings and presents every particle of its surface for wear. As
a result it wears uniformly, keeps round, and the chain maintains
to the end. its high initial efficiency.
The Link-Belt Company, Chicago, has published Data Book
No. 125. a 112-page handbook and price list, which explains
Silent Chain Drives fully. It includes tabulated information
showing transmissions of various capacities and speeds, making;
it easy to select the correct drives for general transmission work.
On July 15, [915 the legislature of Illinois enacted a law
requiring that all men desiring to practice structural engineering
in the state pass an examination. Dr. F. II. Xewell is chairman
of the Board of Examiners, and conducted the hrst examination
on October 19th and 20th of this year.
The Alining Museum has been enriched during the summer
by the addition of one hundred specimens of South American
ores.
Dean Miller is conducting an investigation of the rate of
elimination of students in the classes of 1916, T~, '18 and '19.
lie has found that of the entire freshman class registering in
the College of Engineering in 191 2, thirty-five percent failed to
return the second year, and only about forty-three percent of
the original freshman enrollment graduated. By departments,
the Architectural Engineering and the Civil Engineering Depart-
ments represent the extremes in elimination. In the former
sixty-five percent and in the latter twenty-six percent of the
original number enrolled graduated within the four years.
Professors Bogley and Whipple of the School of Education
are cooperating with the Department of Civil Engineering in
determining the most efficient methods of presenting subjects
in the class room. To facilitate this problem a system of score
cards will be introduced.
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EDITORIAL
The article "Some Essentials of Success", by Mr. P. M. Lin-
coln, given as an address to a graduating class, may seem out of
place in a fall issue of The Technograph, but it is printed
here with the thought those who are finishing this year will
receive some ideas that will benefit them while they are still in
school. It is full of the best sort of advice, and it will pay every
engineering student twice over to read it very carefully.
USE THE ENGINEERING LIBRARY
Engineering students at the University of Illinois have long
felt the need of a central technical library where they could
readily find the reference material so essential to proper study.
For years they have been trotting from department library to
main library and back to department library again, seeking
elusive reports or other references—wasting time and patience
because they have not known how or where to find these things.
Now if they want a definition of the Hefner unit, a history of the
arch or a treatise on aeronautics, they can go at once to the new
general engineering library with the assurance of finding it easily.
Occupying the entire main floor of the north wing of
Engineering Hall, this library is at once spacious, well lighted,
and convenient—an agreeable place for real study or an hour's
profitable reading. The stacks are accessible to students at all
times. They contain, aside from purely technical literature,
volumes on labor, capital, industrial law, plant management, and
the like. An interesting feature of the library is the general
reading table consisting of about fifty books of fiction and travel,
which are drawn each week from the main library.
I he policy by which this seminar will be conducted is largely
dependent upon student patronage. Since its installation it has
been open fourteen hours a day, excepting only Sunday, and it>
daily attendance has averaged 150, or approximately ten per
cent of the number of engineers enrolled. This attendance is
considered so low that unless a decided increase is noticed, it
will be necessary to close the library at five o'clock instead of at
ten I'. ML, as at present. The value of this library cannot be
over estimated. Get into the habit of dropping in there between
classes and in the evening. Tt pays!
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THE 1917 ELECTRICAL SHOW
The Electrical Engineering Department is now making prepara-
tions for the Electrical Show which is to be held next spring.
This show will, without doubt, be the biggest show ever at-
tempted by the department, and the amount of work required
to make it a success is greater in proportion. For that reason,
it will be more than necessary for every one in the E. E. school to
take an active interest in the show, and begin to think about an
exhibit. There will be room for every idea that is worked out,
and the more ideas, the better the show.
Do not think that because you are a freshman or sophomore
and have never seen anything of the kind, that you have no
chance to make a showing. Some of the best exhibits that have
been presented in past shows have been the work of underclass-
men. So everybody get behind this show, and let's make it "The
Best Ever".
WHAT DID YOU DO LAST SUMMER?
The Technograph is offering a beautiful silver loving-cup
to the undergraduate who presents the best original article before
March 1, 19 17. Every engineering student has had some experi-
ence at some time or another that is of general interest. Here is
the chance to tell the rest of us about it.
The conditions of the contest are as follows
:
1. Only members of the technical societies are eligible.
2. The articles must be original, and pertain to some engineer-
ing or scientific subject.
3. They must not be longer than 3000 words.
4. They must be typewritten and left in the Technograph
office. Room 100, Engineering Hall, before March i, 191 7.
DEPARTMENT NOTES
A. S. M. E. NOTES
The activities of the student branch of the American Society
of Mechanical Engineers were opened by a short address by
Dean Goss. He gave a brief history of the parent society, its
activities and value to a mechanical engineer, and ended by
wishing the society success for the year.
On October 12, Mr. F. E. Evans talked on the manufacturing
methods employed at the Overland factory. He stated that
he worked there during the summer of 1916 and that the
< )\ eiiand Company employed about three hundred engineering
students, shifting them from one department to another with
the aim of giving them as much practical experience as possible.
I [e went into detail in regard to the assembling of the motor
and chassis, giving especial emphasis to the rigors of inspection
to which the motor is subjected while being assembled. The
address was followed by an informal discussion in which
Mr. Evans answered questions pertaining to automobile
manufacturing.
( )n October 26, Mr. V. S. Day gave a lecture on "Power
Measuring Devices." He divided these devices into three classi-
fications—ordinary friction brakes, liquid brakes and electrical
brakes
—
giving examples of each and illustrating them with
blackboard sketches. He also derived the formula for calculating
the horse power of a motor from the observed data taken from
the brakes.
R. Rahn.
ELECTRICAL ENGINEERING SOCIETY
Business is starting with a hum in the E. E. Department. The
Department has installed two new General Electric 15 kw. motor
generator sets and also has the A. C. Regulator mounted behind
the south switchboard with a panel for the switches and con-
tactors.
A valuable addition to the Faculty is P. J. Xilsen, our new
Junior Laboratory Instructor. Mr. Xilsen was graduated from
the Electrical Engineering Department in June, 191 5. and went
with the Sangamo Electric Co. as an Assistant Engineer of Re-
search Work. He remained with this company two months and
then went into the employ of the State Public Utilities Commis-
sion of Illinois, llis work with the Commission was to inspect
the service rendered by public utilities to see that it was safe.
adequate, and sufficient. Mr. Xilsen left this work to take his
position with the E. E. Department.
Mr. Nilsen was one of the most popular members of his class
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as well as one of the best workers. He is a member of Tali
Beta Pi, Eta Kappa Nu, and Sigma Xi. On September 2, 1915,
he was married to Miss Sofie Andresen of New York City.
Mr. Davis and Mr. Knight spent considerable time last sum-
mer on the investigation of corona and other discharges in hy-
drogen as a means of rectifying alternating current. They are
continuing this work at present.
W. A. Gatward is continuing the work on Electrolytic Iron
with the assistance of R. Quick and H. R. Fritz.
The E. E. Society has made a good start for the year and
plans are under way for the Electrical Show to be held next
spring. Committees have been appointed to look after member-
ship and speakers for future meetings.
Prof. A. M. Buck addressed the E. E. Society Oct. 13 on the
subject of "The Development of the Electric Railway Car." On
Thursday, Nov. 2, Stanley P. Farwell, Service Engineer for the
State Public Utilities Commission of Illinois, addressed a joint
meeting of the A. I. E. E. and the E. E. Society on the subject,
"The Service Work of the Illinois Public Utilities Commission."
This talk was the first of a series of talks on economics in engi-
neering planned for the year.
H. R. Richardson.
CERAMIC SOCIETY NOTES
The Ceramic students met in the lecture room of the Ceramic
Building on October 4, to make arrangements for the installa-
tion of a Student Branch of The American Ceramic Society at
the University of Illinois. Mr. Hursh gave a short talk on
the purpose and benefits of such an organization. After a dis-
cussion by the members present, the chairman was instructed
to confer with the President of the American Society and to
select a date for the installation.
Since the last issue of The Technograph a great change has
taken place in the Ceramic Department. The Department has
moved from the entirely inadequate rooms in the corner of the
M. E. Laboratory to the new Ceramic Building which has just
been completed and which is to be dedicated during the meeting
of the Illinois Ceramic Association on Dec. 6, 7, and 8.
Three new instructors have been added to the staff during
the last few months. Dr. E. W. Washburn, formerly of the
department of Physical Chemistry, is the new director! Prof.
C. W. Parmelee and Mr. H. C. Arnold have been appointed
instructors.
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C. E. NOTES
The C. E. Society held its first meeting of the year on Friday,
September _'<; at 4 o'clock. More "pep" than usual was in
evidence and propects began to look bright for a good year's
work. In the course of a discussion as to what type of program
would be most profitable, many expressed themselves as favoring
student participation. The custom followed largely in the past
has been to secure outside speakers whenever it was possible.
Jt is felt that by the presentation of these papers and by the
open discussion which follows the purpose for which the society
was organized will be more nearly fulfilled. A committee wras
appointed by the president to prepare programs for future meet-
ings, and to arrange, if possible, a more satisfactory time of
meeting than Friday afternoon so as to secure better attendance.
On October 3 at 7 o'clock a picture in five reels was presented
which features flood conditions and measures which have been
taken towards flood control along the Mississippi River. Devel-
opement of the process of building levees from the wheelbarrow
method to that of the modern dragline excavator was illustrated.
Especially interesting was the modern method of laying
revetments. The Engineering Lecture Room proved too small
to seat the crowd which assembled.
On Friday, October 13 the annual smoker was held at the
Y. M. C. A. At the outset, a general get-acquainted session was
held, during which large quantities of cider, apples, ginger-bread,
and smokes, all of excellent quality, were consumed. The gen-
eral pleasure of the occasion was not marred by the usual cus-
tom of soliciting everyone present for his membership fees.
Instead, the attempt was made to show all a good time in the
hope that they would then voluntarily expose themselves to mem-
bership. Following this part of the program, the men adjourned
to the comfortable lounging room above, where they were well
entertained by short talks and stories. Prof. I. O. Baker came
first. This was for him the thirty-first meeting of its kind, and
of course he upheld his enviable reputation for choice stories.
These he interspersed, however, with a few remarks of a more
serious nature. Initiative and self-reliance he selected as the
most valuable qualities in the making of an engineer. He ap-
proved the stand that had been taken with regard to the conduct
of meetings and staled that the work of the society affords the
ideal opportunity for the development of these qualities. Prof.
C. A. Ellis, Mr. Sale. Mr. Wiley, and Mr. Turlev all responded
with short, interesting talks. At this point Mr. W. A. Iiimmel-
reicher, '17. announced that the first and third Tuesdays in each
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month, at 7 o'clock, had been selected by the committee as the
time of meeting and submitted the following schedule
:
Oct .17. Concrete Distribution on the Pennsylvania Termi-
nal at Chicago—Mr. N. Gerten, '17.
Oct. 31. Steel Erection Methods—Mr. A. C. Wilson, '17.
Nov. 14. Quebec Bridge Disaster (Illustrated)—Prof. C. A.
Ellis.
Dec. 5. Road Construction (Illustrated)—Mr. H. H. Ed-
wards, '17.
Dec. 19. Minneapolis Street Railway Valuation—Mr. B.
Pepinsky.
Jan. 23. Concrete Road Construction—Mr. R. P. Brown,
January 9 is left open with the hope of securing Prof.
F. H. Newell for an address on some phase of the Reclama-
tion Service.
On October 17, Mr. Gerten presented a paper on Concrete
Distribution on the Pennsylvania Terminal at Chicago. The
amount of ground covered by the building (approximately 420 x
750 feet ) made the problem of distribution a serious one. The
system adopted provided for two separate mixing plants, one for
each end of the building'. For each plant there was a tower 204
feet high from the top of which the concrete was spouted to a
four-way distributing tower 175 feet away. From these four
points it was carted into place. Material was delivered to the
site by rail and dumped into bins convenient to the mixers in
such proportions as it was to be used. The capacity of each
plant was 400 cubic yards a day. Mr. Gerten was highly com-
mended for the way he handled his subject, which proved to be
interesting as well as instructive. The consensus of opinion is
that the society made no mistake in adopting the new plan.
H. E. Kelly.
II. C. Dean '09, for several years in the Engineering Depart-
ment of the City of Chicago, is now Asst. General Manager of
the Queen's Electric Light and Power Co., of New York City.
W. L. Egg '07, C. E. Conrod '08, R. L. Hermann' 15, and F. A.
Forty '15 are among those still on the border. They are members
of Company E, 18th Pennsylvania Infantry located at El Paso,
Texas.
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CHARLES RUSS RICHARDS
Charles Russ Richards, Dean of the College of Engineering:
and Professor of Mechanical Engineering at the University of
Illinois, was born at Clark's Hill, Indiana, in 1871. At the age
of nineteen he graduated from Purdue University. The next
year, 1891, he received the graduate degree of Mechanical Engi-
neer from the same institution, and in 1895 the degree of Mas-
ter of Mechanical Engineering from Cornell University.
"During his residence as a student at Purdue, Professor
Richards distinguished himself in scholarly achievements and
as a participant in the general activities of the college. He
was, in fact, a leader in a class which was noted for the variety
of its interests and the intensity of its activities. He was a
fellow student with F. Paul Anderson, now Dean of the College
of Mechanical and Electrical Engineering of the State Univer-
sity of Kentucky, and with George Ade, John McCutcheon and
Booth Tarkington, men who in common with Professor Rich-
ards, are now well known in their respective fields of endeavor.
He associated himself with the Delta Delta Chapter of the
.Sigma Chi Fraternity, and he acted as business manager for
the fraternity in the publication of A Souvenir, an illustrated
volume similar to the students' annuals which are now com-
monly published. The standard of excellence which was estab-
lished by this book was at once felt by the annual student pub-
lication, The Purdue Debris, which has ever since been some-
thing far more attractive and better than it had ever been
before."
Dean Richards' first position upon leaving college was that
of Instructor in Mechanical Engineering at the Colorado Agri-
cultural College at Fort Collins in 1891. The following year
he became Adjunct Professor of Practical Mechanics at the
University of Nebraska. In 1894 he was made Assistant Pro-
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feasor of Practical Mechanics and in 1898 Professor of Mechan-
ical Engineering. Prom 1907 to 1911 he was in full charge of
the College of Engineering in the capacity of Dean. At the
time Dean Richards began his work at the University of Ne-
braska, no instruction was given in Practical Mechanics or Me-
chanical Engineering. During his twenty years there he has
organized and developed a course of instruction which ranks
with that given by the highest technical colleges in the country.
He developed the curriculum and was instrumental in getting
a bill through the Nebraska legislature providing for a College
of Engineering to replace the old Industrial College then exist-
ing. Shortly before he left in 1911, he planned and erected a
Mechanical Engineering Building which is one of the best ap-
pointed and equipped in the country.
Although Dean Richards' work has been primarily that of a
teacher, he had many opportunities while at Nebraska to test
his theories in practice. He has been active in the appraisal of
public utilities and the design and erection of a municipal
lighting plant at Lincoln, Nebraska, and has acted in an advi-
sory capacity on various work.
In 1911, Dean Richards was called to fill the chair of Mechan-
ical Engineering at the University of Illinois. One of his first
steps was to reorganize the Shop Laboratories and to give shop
work a more important part in the engineering curriculum.
Throughout all his teaching, he has emphasized the economic
aspects of engineering. To meet the need for better facilities,
he lias completely reconstructed and reorganized the Mechanical
Laboratories, and greatly added to their equipment. During
the absence of Dean W. F. M. Goss, who was making a study
of smoke abatement in Chicago, from July 1913 to September
1915, Professor1 Richards officiated in the capacity of Acting
Dean of the College, and upon the decision of Dean Goss during
the winter of 1916-17 to enter professional work, he was elected
to the Deanship. These duties he assumed on March 1st, 1917.
In the early nineties when the farmers of Nebraska were
using corn for fuel on the assumption that it was less expen-
sive than coal. Dean Richards wrote a valuable contribution to
scientific literature upon "The Heating Value of Corn". In
1902 he published a "Manual of Wood Turning". After com-
ing to Illinois, he published " Entropy-Temperature and Air-
Flow Diagrams for Air" as a bulletin of the Engineering Ex-
perimenl Station. The Dean is a member of the American So-
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ciety of Mechanical Engineers, the Society for the Promotion
of Engineering Education, the Western Society of Engineers,
and of Sigma Xi, Tau Beta Pi, Sigma Tan, Pi Tau Sigma and
Sigma Chi fraternities.
To know Dean Richards is to admire him. He has completely
won the esteem and the friendship of the students in the Col-
lege of Engineering and his associates in the Facnltv.
THE NEED FOR ENGINEERS
DEAN C. R. RICHARDS
On Novemher 10, in announcing the new regulations for the
draft, President Wilson made the following statement
:
"The time has come for a more perfect organization of
our man power. The selective principle must be carried
to its logical conclusion. We must make a complete inven-
tory of the classifications of all registrants in order to deter-
mine, as to each man not already selected for duty with the
colors, the place in the military, industrial or agricultural
ranks of the nation in which his experience and training
can best be made to serve the common good. This project
involves an inquiry by the selection boards into the domes-
tic, industrial, and educational qualifications of nearly
10,000,000 men."
The process of classifying the men of draft age will probably
be undertaken by the middle of December, and it is expected
that it will be completed within sixty days. Witli complete
information concerning the personal and physical qualifications
of each man within the age limits of conscription, it is under-
stood that the Government will proceed with the draft as rapidly
as its needs may require. It would seem that as a result of this
classification, the decision concerning the placing of each re-
gistrant will be determined by Government officials from Che
statements furnished by the individuals. In the meantime, it
is still possible for those persons whose names have not been
called, to enlist in the Army or the Navy, or possibly some branch
of the Government service, which may be so necessary to the
maintenance of the military establishment as to lead to exemp-
tion.
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()n January 5, the work of the Third Reserve officers' Train-
ing Camps will begin. It is probable that similar camps will
be provided at three-month intervals until the quota of officers
required by the Army shall have been filled. Men who have
been drafted and assigned to one of the national army canton-
ments may apply for admission to these Reserve Officers' Train-
ing Camps. It is understood that they will receive the same con-
sideration as those who are not already in Government service.
It is a difficult task to advise the readers of the TECHNO-
GRAPH concerning the problems which every young: man must
meet at this time. It is evident that every loyal American must
do all that he ean in support of the cause which we have es-
poused. The difficult lies in determining how or where the in-
dividual can best serve. Apparently the decision to classify all
registered men will relieve us from the necessity of settling the
problem ourselves. In any event, it seems reasonably clear that
it is the duty of every man to prepare himself to render the most
effective service possible when he is called. To this end, the stu-
dents in technical and scientific courses are urged to continue
their training as long as possible. The exacting demands of
modern warfare call for the most expert service from men in
every profession and branch of industry. Men who are expert
in engineering and in many other branches of applied science
are absolutely essential, both in the Government service and in
the industries which must contribute to the success of the Gov-
ernment in the war.
Before the United States entered the war the demand for
graduates of engineering schools was unprecedented. At the
present time this demand is, of course, still more keen, and much
concern has been expressed by persons who are familiar with the
needs of modern warfare, over the possibility of a failure in the
supply of engineering and scientific experts. Shortly after
hostilities were declared, arrangements were made whereby cer-
tain students in medicine and dentistry were enlisted and as-
signed to complete their training in the medical and dental col-
leges. Efforts have already been made to secure similar action
for the students in engineering and other branches of applied
science. While these efforts have so far been unavailing, there
is a possibility that the Government may yet decide to grant
such privileges to those students who have shown great promise
in their work. If such action is ultimately taken, it is hoped that
the Government will exempt instructors, thereby enabling the
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technical schools of the country to discharge their duties as ef-
fectively as existing conditions will permit.
In almost every division of the Army or Navy service, en-
gineering plays a part., and in some a knowledge of engineering
is essential. The Engineering Corps requires men who are spe-
cialists in the construction of bridges, highways, water supply
and drainage systems, in tunneling, in the construction, opera-
tion and maintenance of railways and in general sanitary service.
The work of the Ordnance Department demands the services of
men who are skilled in mechanical, chemical and metallurgical
engineering, and who are competent to direct the manufacture
of ordnance supplies of all kinds. The Signal Corps of the
Army includes all service connected with the transmission of in-
formation and also the aviation section. In the former division
of the Signal Corps, men who are expert in telephone and tele-
graph engineering and in Avireless signaling are essential. In the
latter service experts in aeroplane motors and other internal com-
bustion engines and in the design and construction of aircraft
and in building construction are needed. In addition to the
foregoing divisions of the Army, engineers are necessary to the
successful maintenance of the Coast Artillery Division and of
the Quartermaster's Corps. The latter department is called
upon to perform a great variety of engineering service, such
as has been entailed by the erection of cantonments and their
maintenance. In the Navy, since the modern vessel of war
is a huge fighting machine, engineers and mechanics are essential
in the operation and maintenance of the equipment of these
ships. To provide all of the men who are competent for techni-
cal service under the Government and in the industries of the
country is a serious problem which justifies the concern over the
possible failure in the supply of such men.
It would seem, therefore, that those students who prepare
themselves for more effective service in technical lines, are per-
forming a duty of great importance to the country. When the
war ceases the world will be engaged for many years in a pro-
cess of rehabilitation. During this time technical men will be
absolutely essential to( the industries and in the construction
work of each of the countries which have been at war. so that
the demand for engineers will continue over a considerable period
of years, and the attractiveness of engineering as a profession
will be such as to justify every man who is qualified for work-
in this field to prepare himself to meet the demand.
CURRENT AND VOLTAGE RELATIONS IN TWO PHASE-
THREE PHASE TRANSFORMATION
I. W. FlSK AND P. S. BlEGLER
D< pt. of Elec. Eng., University of Illinois
Some very excellent articles have appeared in the technical
press and in the various text books on current and voltage re-
lations in polyphase circuits in which an attempt has been made
to standardize notation and method of attack. Perhaps the
most important of these is the double subscript scheme wherein
all of junction points on the diagram of connections are lettered
and every current or voltage has two subscripts indicating the
direction of the current or voltage. Thus, if the current flows
from junction a to junction b, this current is written iab or
-iba , and eab indicates that a is at higher potential than b.
It may be observed, however, that those articles in which the
problem is rigorously analyzed fail to include generated emfs
with their receiving circuits. Most polyphase problems may be
readily solved by the use of the double subscript notation, but
those which include generated emfs in the circuits require very
careful reasoning and interpretation in order to find the re-
quired voltages and currents in correct phase relation. It is in
this type of circuit that the student seems to have his greatest
difficulty. In the present article an attempt is made to show
how circuits with both generated e.m.f.s and voltage drops may
be handled when they both occur in the same problem.
A very common connection for two phase-three phase trans-
formation is shown in Fiff. 1.
1
•
A'
tooooo6»aeo<t9fP i iS
B
Fig. 1
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A and B represent the primary coils of two single phase trans-
formers and A' and B' represent the secondary sides respect-
ively. It is, of course, necessary that coils A and B be wound
for the same voltage and that A' have 86.6% of the number of
turns in coil B'.
In the following discussion it will be assumed that power is
generated two phase and delivered to a three phase non-induct-
ive load, and further that the transformers contain neither re-
sistance nor reactance. In other words ideal transformers will
be used.
A
3
Fig. 2
The actual connections are shown in Fig. 2, and, in order to
make the equations which follow more clearly understood, this
eircuit is re-drawn in Fig. 3.
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Khvlintf"s Laws state (a) that the algebraic sum of the volt-
ages around any closed loop in a net-work is equal to zero, i. e.,
i i =0 (1)
li
i the algebraic sum of the currents entering any junction
point in a net-work is equal to zero, i. e.,
2i = (2)
In the following discussion voltages in the clockwise direction
around a closed loop are chosen negative and the counter clock-
wise voltages positive. Likewise currents toward the junction
point are taken as negative and currents away from the junc-
tion point are assumed positive.
Voltage Relations.
By application of the above laws the following equations may
be written (see Fig. 3) :
ecb + ebo + eoc = (3)
eCb=eob + eco (4)
ebl + e, + eob— (5)
ebl = ebo + eol (6)
eac + eco + eoa= (?)
eac = eao + e0( , ( 8 )
In a circuit containing generated e.m.f.s and ir drops, the
algebraic sum of the generated e.f.m.s must equal the algebraic
sum of the ir drops, and equation (3) may be re-written eb0 +
t
1
,),
= w*. But ebo -f- eoc = -ecb or ecb = -ir. Thus it must be
understood that there are two voltages in the circuit cb, an im-
pressed e.m.f. and the ir drop which is equal and opposite to it.
The voltage eob will be chosen as the reference voltage and
will be assumed a sine wave having a maximum value of 122
volts. Since the voltage in the coils ao and oc must be either
90° ahead of or 90° behind eob , we shall assume that they are
90° behind eob and
1
that the maximum value of each is 70.5
volts. With this as a starting point let us solve for the voltage
e
,
which is the voltage impressed on the line as given by equa-
tion (3). The results are shown in Table 1. In tins table
represents the angular displacement of the wave eob , counting
from the time at which eob is equal to zero.
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Table I.
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dent that eco , in this figure, represents the phase position and
instantaneous values of eoa as well.
By the same method Tallies II and 111 arc derived from the
solution of equations (5) and (7).
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Again, E bl = Ebo + E,M
13
(10)
* \1
•£>a <cb
t t
Fig. 9 Fig. 8
Also, E„ = Eao + E oc (11)
Combining E
cb , E ae and E bl we have the following diagram
:
From Figs. 9 and 5 it is seen that E.,,, is 120° ahead of E bx
and that E cb is 120° ahead of E a( . which is correct for the three
phase line voltages.
This conclusion may be derived mathematically by combin-
ing the equations for the voltages eob , eao , and eoc , according to
equations (3), (5) and (7). And in this derivation, also eob
(= .866 E sin 6) is the reference vector.
Using the same notation as above,
eob = .866 E sin
e- = eoc = .5 E sin (0—90°)
And since
ecb
= eob — eoo from equation (4), therefore
e„, == .866 E sin 6 -- .5 E s
in (6 — 90°)
= E sin (0 + 30°)
eac = e ro + eoc , from equation (8),
=
.5 E sin (0 — 90°) + -5 E. sin (
6 — 90°)
= E sin (6 — 90°)
eba = ebo + eo: , from equation (6),
=
-.866 E sin 6 — .5 sin
(6 — 90°)
= E sin (6 + 150°)
From these equations may be drawn the vector diagram in
Fig. 10, exactly the same as Fig. 9, which was obtained from
the aplication of Rirchoff's Laws.
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Now we already know the phase positions of the various
voltages and the currents i,.„ and iac and i bl . Let us take icb for
reference wave of current, and by solution of equations (12),
(14) and (16) determine the proper phase positions of iob , ioc
and L Maximum values of L h , i„„ and i ha are assumed 70.5
amp. These results are shown in Table IV and are plotted to
scale in their proper phase positions in Fig. 12.
Fig. 12
Table IV.
ac "bi l)i ob ao oc
-70.5 + 70.5 +35-3 o +105.8 +105.8
-68 + 36.5 +18.3 — 31.5 + 86.3 +118.0
22 —6l O O — 6l.O + 6l +122
99.6 —49-8 — 36.5 —18.3 — 86.4 + 31.5 +118
+70.5 — 70.6 —35-3 — 70.5 —35-3 —105.8 +105.8
+68.1 -- 36.4 — 18.2 — 99.8 —49.9 —1 18.0 — 31.5 + 86.4
+61 o o — 122 —61 — 122 — 61 +61
In order to check, mathematically, the results shown in Pigs.
12 and 13, the phase positions and values of coil currents are
derived as follows:
Since, with non-inductive load, icb is in phase with e cb , iac
eac and iba with e b ,,
i
cb
= I Sm (0 + 30°)
iac
= I sin (6 - 90°)
i = I sin (6 + 150°)
o + 70.5 +35-3 —14'
15 + 99-5 +49-8 —136
30 +122 +61.0 — 1
45 +136.2 +68.1
60 +141. T
75 +136.2
90 +122
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Fig. 13
From equation (13).
iob
== iba
._ i.
()
=, I sin (0 + 150°) - - I sin (0 + 30°)
= I (sin 8 cos 150° + sin 150°) -- I (sin 6 cos 30° +
cos sin 30°) = I (\/3 sua 9 — 1 cos 6) - - I ( - V 3 in 6
2 2 2
__ y2 cos 6) = -\/3 I sin
Prom equation (15)
i
oc
== i
cb
_ i
(
.
== I sin (0 + 30°) - - 1 sin (0 — 90°)
= I sin cos 30° + cos 6 sin 30°) -- I (sin cos 90° —
cos sin 90°)
\/3
= I ( - - sin + 1/2 cos 0) + I cos
2
\ 3
= I ( — sin +
2
\ 3
— cos 0)
o
= \ 3 I sin (0 + 60°)
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From equation (17)
iao
= iba — ijc = I sin (6 + 150°) — I sin (8 — 90°)
= I (sin 6 cos 150° + cos 9 sin 150°) - - I (sin 6 cos
90° — cos sin 90°)
V3
= I (- - sin + l/2 cos 0) + I cos
2
V3
= v 3 I ( — y2 sin = - cos 0)
2
= V 3 I sin (6 + 120°)
Plotting- the vector diagram of coil currents with reference
to E ob , Fig. 13a is obtained
:
= I (— sin + i/o cos 0) + T cos
&
It should be observed that Fig. 13a checks results obtained
by instantaneous waves shown in Fig. 13.
/-«
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G ENERAL DISCUSSION
Combining Pigs. 10 and 13a we obtain the complete vector
diagram in Fig. 14.
This diagram, however, is not the conventional diagram for
Scotl transformers. It is correct for the point of view within
the transformer coils; but we commonly construct vector dia-
grams from the viewpoint of the external circuit. Thus, within
the coil ob the current flows from b to o which is from low
potential with respect to Eob, whereas, in the external circuit
the same current flows from o to b.
Fig. 15
Reconstructing Fig. 14 from the external point of view, we
reverse the three coil current vectors and obtain Fig. 15. This
diagram is consistent in that all the vectors are in the proper
phase positions as seen from the external circuit.
Fig. 13 shows the internal voltages eob , eao and eoc plotted
with i,,,. i,, h and ioc . From these curves the various internal
power factors in a two phase-three phase transformer may be
seen. It is evident that ioc is in phase with eob , that iao leads
eao by 30° and that ioc is 30° behind e,„
.
The maximum value of the line current is 70.5 amp. in each
case and thus the effective value is 50 amp. This must also be
the value of the coil currents. Now, since one of the transformer
secondaries is wound with only 86.6'/ as many turns as the
other, it might seem that the magenetomotive forces were un-
balanced. This, however, is not the case. Since the effective
m.m.f. of each coil is equal to the product of the current flow-
ing in the coil times the number of turns on the coil, the follow-
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ing conclusions may be drawn: If we assume coil oh wound
with 86.6 turns, coil ao with 50 turns and coil oc with 50 turns,
the m. in. I". of coil nh is equal to 50 x 86.fi = 4330 eff. amp.
(urns. The effective m.m.f. of coil ao is50 x 50 = 2500 amp.
turns and the effective m.m.f. of coil oc is also 50 x 50 = 2500
amp. turns. Since the current in coil oc is Leading the e.m.f.
by 30° and the current in ao is Lagging by 30° the vector sum
of the m.m.f. 's of ao and oc is therefore equal to that of oh. If
the m.m.f. 's of these two coils were acting on separate cores it
is evident that the leading' current in coil oc would tend to
demagnetie its core, but since both coils are wound on the same
core, the magnetizing action of the first is neutralized by the
demagnetizing action of the second and we obtain thereby re-
sults as shown above.
Prom the oscillogram shown in Fig. 16 may be seen the phase
relation of the currents iao and i,,,. with respect to the voltage
e
a( .. Another oscillogram, Fig. 17 shows the voltages eob and
eac
= e6c ~\~ ea„ in quadrature, and the current iob in phase witli
e
olj . Thus the relations derived analytically in this discussion
are fullv checked and established.
Last August members of the staff of the Engineering Experi-
ment Station made a test of a reinforced concrete flat slab floor
for the purpose of investigating the general action of the floor,
and the stresses and deflections under a heavy load. The test
was made on the sixth floor of the Western Newspaper Union
Building, Chicago, Illinois. This building was available for
these tests as it was to he wrecked to make room for the new
Union Passenger Station. Pig iron was used for the loading
material ami it was placed over the interior of four panels. The
maximum load applied was equivalent to a uniform load of
913 Lbs. per sq. ft. The tests were conducted by Mr. II. F.
Gonnerman, .Mr. F. E. Richart and Mr. N. E. Ensign under the
direction of VvM. A. X. Talbot.
ARMY CANTONMENT CONSTRUCTION
N. B. GARVER
Associate in Civil Engineering
Probably at no time within the history of our country has so
much responsibility been placed upon the shoulders of the en-
gineer as since our entry into the great war. The construction of
army cantonments is only one of the many fields of service into
which he has been called to give of his energy and resourceful-
ness. This call has not been in vain, for the engineer is giving
his service and is "making good".
The engineering problems which must be met and solved in
army cantonment construction are not problems of technical
design, of preparing intricate plans, or of testing materials.
They do not require the use of higher mathematics or a very ex-
tensive knowledge of the mechanics of materials.
Th big engineering problem is to read human nature ; to be
able to choose men of ability and resourcefulness ; and to direct
the energies of men. It is human engineering, if you will.
Men of experience must be secured to take charge of each of
the numerous branches of the construction work and push it
with zeal. They must not only be able to build, but must build
rapidly. Time is the governing factor, and the individual who
does not realize this fact must make way for the one who does.
The construction of an army camp is a large project. It is
impossible for any one individual, except for those who are
in general charge of the work, to keep in touch with and know
of the progress made in the departments other than that in
which he himself in engaged. For that reason no attempt will
be made here to cover the work of construction outside of the
general organization, the handling of building materials, and
building erection.
The Camp Site.
Camp Meade, Maryland, is located about midway between
Washington and Baltimore. The area included within the can-
tonment grounds comprises about 12000 acres, or a little more
than 18 square miles. The buildings, which consist of barracks,
officers' quarters, schools, administration buildings, medical
buildings, store houses, stables, gun sheds, etc., cover an area of
probably four square miles.
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The camp site was furnished by the State of Maryland and
cleared by them at an expenditure of about $150,000. Before
construction work began this area was covered with scrub pines
and underbrush, except for darings here and there which were
planted to strawberries, sweet-potatoes, beans, tomatoes, cucum-
bers, and crops particularly adapted to that soil.
The soil is very sandy; so much so that it does not become
muddy even after the heaviest rainstorms. The water sinks into
the soil and disappears almost as rapidly as it falls. This is de-
sirable for a camp site but from the construction standpoint, it
presents difficulties which are not easily overcome.
The drainage of the camp site was a simple problem. The
sandy soil and the natural water courses together with the roll-
ing surface little to be desired from this standpoint. There were
some marshy places near the streams which were drained by
clearing the stream channels of the underbrush and weeds.
The Construction Camp
Where large numbers of men are employed at points too re-
mote from cities or towns for them to be easily and quickly trans-
ported to and from their homes, the housing and feeding of the
men are the first problems to be solved. Camp Meade was un-
fortunately situated in this respect. It was near enough to two
cities that many men tried to live at home and work at the
camp, and far enough away that the results were not satisfac-
tory to either the employer or the employee. All employees
were urged to live at the camp.
Contented workmen are the best assets that a construction
company can have. To obtain this state of mind among a work-
ing force requires that they be well paid, well fed, and have
comfortable sleeping quarters.
In order to conserve the health of the men and maintain an
efficient organization, the surroundings must be made and kept
sanitary. This requires that a plentiful supply of pure water
be furnished
; that all garbage and kitchen refuse be disposed of
regularly ; that latrines which are not breeders of disease germs
be provided ; and that the men be furnished proper facilities for
bathing.
Food was supplied by the establishment of temporary mess
halls in some of the completed buildings. These mess halls were
equipped with ranges, refrigerators, and running water: also
facilities for storing supplies; where they would be protected
< OJf Vj
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from dust and ffles. All mess halls were screened with wire
[letting, ;iikI dark passages were constructed at the doors to keep
out the Hies.
Sleeping quarters were provided in the completed or partially
completed buildings. Each man was furnished with an iron
cot, a clicai) mattress and cotton blankets.
Water for drinking- purposes was obtained from existing shal-
low wells. While water was often warm and unpalatable it had
1 11 tested and was known to carry no disease germs. Batbing
facilities were provided by the furnishing of wash benches, tin
washbasins and running water, and by temporary shower baths
conveniently located. Water for bathing was pumped from near-
by streams into elevated tanks, from which it was piped to de-
sired points.
Organization
The chart of the general organization is shown in Fig. 1. This,
of course, gives only the major subdivision of the work. The
interior plumbing and the electrical work were placed in charge
of a firm of Baltimore contractors.
The titles for other departments indicate the nature of the
work over which each had control. For example, the sanitary
department was responsible for the health and sanitation of the
construction cam]). It provided medical service for all em-
ployees who became ill or were injured ; kept careful watch on
the supply of drinking water; saw to the proper disposal of
garbage; required the construction of sanitary cess pools for the
disposal of Liquid kitchen wastes; regulated the location of tem-
porary latrines; looked after the drainage of stagnant pools of
water to prevent the breeding of mosquitoes; and provided
proper bathing facilities.
The erection department was divided into four building out-
fits and one concrete outfit. Each building outfit had its own
organization, the nature of which was dependent upon the ideas
and methods of the superintendent in charge. The organiza-
tion of Building Outfit No. 2 is shown in Fig. 2. The writer
Avas connected with the outfit as field superintendent. There was
a time-keeper and pay office, and a force of material checkers,
in addition to the three general foreman. Each general foreman
had from (i to 12 carpenter foreman, each of whom had from 15
to 40 carpenters. He also had one or two labor foreman with
laborers.
Effort was made to provide about 6 laborers for each ten car-
penters, but without any marked success. Laborers were scarce
and such as were to be had were of low grade.
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One of the most interesting studies in connection with this
work was to watch the growth of the organization and the de-
velopment or failure of the men in it. Months were not re-
quired to determine a man's capabilities. His fate was usually
SUPERINTENDENT
|
TIME KEEPERS
GENERAL FOREMAN
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line railroads, the Pennsylvania on one side and the Baltimore
and Ohio on the other, but oeither of them was near enough to
the point where construction was in progress to permit the un-
loading of cars without transfer. A lightly constructed elec-
tric line traversed the camp site, and it was necessary to switcli
all cars to this line to reach points of unloading- which were with-
in reasonable hauling* distances. There were no yarding faci-
lities so that it was not only necessary to reconstruct the electric
line by relaying the track with new ties and heavier rails, but
to build yards to provide for the unloading of from 50 to 75
cars daily.
Three yards were laid out at convenient points. The ma-
terials were classified, and all materials of a kind were unloaded
in one yard. For example, all dimension timbers were unloaded
at Yard 1 ; all one-inch boards at Yard 2 ; and all plumbing and
electrical supplies at Yard 3.
Some difficulty was encountered in keeping the materials
properly classified because a car would sometimes contain a
mixed lot of lumber.
Practically all hauling from the yards to the building units
was done with teams. There were many heavy motor trucks in
use but they were chiefly employed in hauling road materials.
The heavy trucks were of little value when taken off the im-
proved roadways. They could haul but little in the loose, sandy
soil. Numerous light trucks, about IV2 tons capacity, were used
to good advantage, in hauling light loads, or in securing small
quantities of materials which were wanted quickly.
At the beginning of construction, before the roads were im-
proved, 500 feet of lumber made a full load for one team. Later,
when the roads had been improved with a layer of clayey gravel,
each team could haul 800 feet if a snatch team was used to help
them over the worst places.
At the heighth of construction more than one million feet of
lumber per day was hauled from the yards to building sites.
The Use of Power in Cutting Materials.
Power saws were used extensively and to good advantage. A
few band saws were used, but most of them were of the circular
variety. They were mounted on frames, and driven by gasoline
engines. They could be readily dragged from place to place with
four horses or a truck.
At the beginning of the work it was thought possible that
most of the sawing could be done at the yards, and that at the
building site there would be little to do but to assemble the
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pieces and nail them together. In conformity with this idea,
drawings and cutting lists were made for one or two of the larger
buildings. The cutting lists gave the dimensions of all pieces
which were duplicated several times. Also sketches were shown
of all pieces not having square cuts. The drawings were erec-
tion sketches to he used in the assembling of the pieces.
We were partially disappointed in the working of this scheme.
While all materials were ordered S 1 S 1 E (dressed one side
and one edge), the materials as received were in all stages of
manufacture. Some were undressed, some were dressed on
four sides. The thickness of one piece might be 2!/4
inches and the next one l 1/^ inches. Therefore it was
of little use to saw pieces at the yards if their lengths depended
upon the thicknesses of other pieces. For this reason the
plan to cut so many pieces at the yards was abandoned. How-
ever, in spite of some of the difficulties encountered it was pos-
sible to do a great deal of sawing at the yards with power saws.
All rafters, knee braces, bridging, blocking, stair stringers, and
most of the studs were cut in this way.
Power saws were also stationed near the buildings under con-
struction and were kept busy ripping and sawing lumber, es-
pecially on parts that were duplicated.
The Workmen.
It would not be proper to discuss the construction of army
cantonments without saying a word about the workmen. All
classes were present and most of them claimed to be carpenters.
If a collection were made of all obsolete, rusted out and worn
out tools brought to the camp site the collector would have a
good start in the junk business.
Most of the men belonged to the class called "floaters". Some
of them were good mechanics ; most of them were very ordinary
workman. If a man showed even ordinary ability and had any
energy Avhatever, he was retained. The work had to be done
and if good workmen could not be secured, the poor must be
endured. The word "economy" does not appear in the war
directory.
The following incidents are related to indicate the character
and skill of the workman :
—
A carpenter (?) was seen crawling around on his hands and
knees on the second floor joists. He was afraid to stand and
walk for fear he would fall.
A carpenter (?) distributed wainscoting along the outside
of the building and thought it was drop siding.
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Foreman Deggs said to a new carpenter as In- came on the
jok "Are vow a mechanic?" "No," was the reply, "1 am an
Italian.'" Foreman Price told a new carpenter to get out on
the scaffold and help put on siding. The carpenter asked "What
tools will I need?" Price's reply was. '"1 don't know what
tools you need., but / generally use a pick and shovel."
A laborer was discharged because his services were of no value.
He went to another part of the camp and secured employment
as a carptenter. In a few days he was advanced to the position
of sub-foreman. He evidently had missed his calling in the
first instance.
Attention was attracted to a certain carpenter foreman be-
cause he was advancing laborers to the rank of carpenter. Upon
investigation it was discovered that he was getting a "bonus"
of Five Dollars per week from each man thus advanced.
The foreman of a gang of about 20 carpenters refused to have
his gang divided. His method of protest was to sit down and do
nothing. He and those of his men who refused to work were
promptly discharged.
Men who began work as carpenters were often reduced to
laborers. Labor conditions on such work as this surely are not
what might be desired. But the work must be done, and must
be done with the class of work available.
Progress Reports.
A progress department was established by the contractors in
order to inform the government of the progress of the work,
and to have a record for their own information. Men from this
department visited every unit of construction and estimated the
amount of work done or the number of feet of lumber erected
each day. The data thus secured was compiled each evening and
made available to the administrative officers.
The method of making the estimates of quantities was, of
necessity, one which could be operated easily and quickly. Work
was in progress at all parts of the cantonment and the progress
men could not stop long at any one place. For building erec-
tion, tables were made on which were given the number of feet
of Lumber required to complete each stage. The stage of erec-
tion of any building was noted by the progress man and by
means of the table it was simple matter to estimate the number
Of feet erected.
The progress reports were invaluable to the materials and erec-
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tion departments. The materials department thus secured in-
formation with regard to the amount of material used by each
building outfit and could govern the next day's hauling ac-
cordingly. The erection outfits could judge as to the efficiency
of their departments and compare different methods of opera-
tion.
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Devices For Showing Progress and Efficiency in The
Building Outfit
As a means of stirring up some rivalry between the different
building outfits, charts were made as shown in Figure 3 and 4.
Each morning the data from the day previous was plotted.
Figure 3, gives the amount of lumber erected each day by Build-
ing Outfit No. 2. This building outfit was just getting under
way when the chart was started. It may be noted that shortly
after the beginning of work on a new group of buildings the
number of feet erected increased rapidly. Rain caused a drop
in the curve on one or two occasions. The drop in the curve at
THE SCHOOL OF MILITARY AERONAUTICS
H. H. JORDON
Asst. Dean of the College of Engineering
The present great war in Europe has been truthfully called the
"Engineers' War" and however much or little the engineering
profession may suffer on account of this imputation of a misdi-
rected use of one of the most highly perfected agencies of human
progress, yet the problems arising hourly on every hand and de-
manding prompt and immediate solution can not help but draw
the attention and energy of the young engineer to their solution.
In no branch or division of engineering endeavor is the field more
inviting or the work more fascinating than in the realm of aero-
nautics. This attraction exists chiefly because of the pioneer na-
ture of the work now going on. Experimentation and inven-
tion, planning and re-planning, trial and retrial, have, in reality,
just begun in this rapidly expanding field of Engineering. Every
true engineer is of the pioneer type. New realms to conquer and
new obstacles to overcome only lend zest to his efforts. This is
why a goodly percentage of the number of men graduating from
our Ground Schools of Military Aeronautics are engineers. These
men have not been content with the prospect of designing more
powerful engines, of determining a more suitable shape of fusel-
age, of devising stronger stays and struts, but together with their
brothers in many professions and callings in life, they are pre-
paring themselves to handle and control the aeroplane as it now
is, and to render service to their country in a way that requires
the highest type of mind and body for success.
In preparing himself to take up the actual task of flying and
making himself fit to act in coordination with forces fighting on
the ground, the prospective aviator must pass through a very
intensive and compressed period of training in what is known as
the Ground School of Military Aeronautics. It is purposed to
set forth in the following paragraphs a brief sketch of the out-
standing features and methods of the instruction* given in the
Ground Schools of which the one at the University of Illinois
is typical. The United States Government has established simi-
lar schools in many of the large Universities and elsewhere from
Editor's Note: The article originally prepared by Mr. Jordon contained consid
erable detail concerning the courses given in the School of Military Aeronautics and
facilities for instruction. Just before going to press, orders were issued from Wash-
ington to refrain from publishing data or technical matter concerning these schools,
and revision was necessary.
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which a steady supply of partially trained aviators are being
graduated weekly.
In laying out the program of the aeroplane service of the
government, officials have planned and are building on the basis
of making this fighting arm the finest of the military establish-
ments of the United States and possibly of the world, and with
this purpose in mind they are drawing unstintedly upon the
best youth of the land to man these new weapons of warfare.
The young engineer has not been slow to respond to the call, and
the question of how to fill the ranks thus depleted will soon con-
front the engineering fraternity.
It may be proper first to state the qualifications which a man
must possess before he is accepted by the Aviation Section of the
Signal Corps. These requirements are very rigid, and well they
should be, since in no department of military work is there a
greater need for men with every nerve and fiber perfectly tuned
to respond to a vigorous and daring mind.
Candidates for the aviation service must be between the ages
of nineteen and thirty-one, except that the higher limit may be
raised in the cases of men who are of pronounced athletic ability
and have lived an outdoor life in the saddle, climbing mountains,
ranching, etc. They must be alert, courageous, of good charac-
ter and fine physique, and should possess an education equiva-
lent to that of sophomore standing in college. The educational
fitness of the candidate largely determines his success in the
Ground School because of the wide range of subjects which he
must master in so brief a period of time. The training received
is not intended to fit him for an "aerial chauffeur" or "an exhi-
bition flyer", but rather to make him a first-class workman and
fighter in the air. Someone has correctly described him as a
"'twentieth century cavalry officer mounted on "Pegasus". Ade-
quate tests are given the would-be aviator before his enlistment
for detecting physical deficiencies. It is in these tests that the
revolving chair and tilting hoard so much speculated about are
used to determine the candidate's power of balance. It has been
found impossible to train men to fly whose organs of balance,
mostly located in the car, arc impaired.
Each prospective aviator is enlisted in the United States Sig-
nal Corps or Signal Reserve Corps as a private of the first class.
He remains in this rank until he passes the tests of a Reserved
Military Aviator at the Flying School called the R. M. A. tests
or those for a .Junior Military Aviator called the J. M. A. tests.
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He is then commissioned as a Lieutenant in either of the corps
mentioned above. He may be discharged at any time through
failure to pass tests in the Ground School or if he gives evidence
of being unadapted to the work. So rigid are the requirements
and so exacting and numerous are the duties in aeronautical
work that a discharge from the service does not necessarily cast
a reflection either upon the character or ability of the candidate.
The pay of the men while in the Ground and Flying Schools is
expressly stated in Special Regulations 49 of the War Depart-
ment, 1917, and amounts to One Hundred Dollars a month plus
a ration allowance of sixty cents per day.
The control of the Ground School is vested in a Commandant
assigned to the post by the Chief Signal Officer. Working with
him are the necessary drill and supply officers together with a
President of the Academic Board appointed by the University.
This latter officer is charged with the direction of the technical
instruction which is given by a staff of approximately twenty-five
men. The staff is composed mostly of engineers or men with
training in the fundamental subjects of Engineering. These men
have been drawn largely from the college staff and recent en-
gineering graduates of the University.
The purposes of the Ground School as set forth by the Signal
Officers are
:
1. To develop soldierly qualities in the candidates and
teach them military duties.
2. To eliminate those mentally and morally unfit for
the aviation service.
3. To give instruction in the use of machine guns,
wireless telegraphy, operation of aeronautical motors, care
and assembling of aeroplanes, cooperation with other arms
of the service, and the fundamental principles of cross
country and general flying.
From the above enumeration it is clearly seen that this compara-
tively new branch of modern warfare opens wide avenues to the
engineer in which as a teacher or student he may find an outlet
for many of his creative desires and abilities.
Since the Ground School has an entering and graduating class
of varying numbers at the end of each week, it must have an
organization of considerable flexibility. This is accomplished by
forming the students in the school into a regiment of two wings,
called respectively, the Junior and Senior wings. The former is
made up of three squadrons, the latter of five. A squadron is
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composed of those men entering in any one week and in turn
is divided into three or more flights. Officers corresponding in
rank to the several divisions of the regiment are appointed from
among the men themselves and a system of rotation is followed
such that many of the men are given practise in commanding
and handling other men. The squadron progresses, (and changes
its designating letter.) in much the same way as does a class in
college, some of its members remaining in the school longer than
the usual eight weeks period on account of failure to pass all of
the tests.
Many of the subjects taught must be mastered to a point of
thorough understanding. Especially is this true in the case of
those upon a knowledge of which the very life of the aviator
himself, and of possibly thousands of other men, depends. Con-
crete illustrations may not be given, but it is sufficiently to the
point to remark that mastery and finesse must mark the aviator's
endeavor in order for it to be successful. Half trained engineers
are tolerated, indeed, they are too often placed in responsible
positions and by dint of circumstances may succeed, but laws
of chance are given no place in the training of flyers. Hence,
every effort is made to impress upon the student the necessity of
accuracy and precision, and he may not proceed until he has
performed certain standard tests in those courses necessary for
successful aerial fighting.
The work of the Junior wing is primarily military in nature.
Military laws, regulations, papers, and drill are especially em-
phasized. Snap and energy are instilled into the movements of
the men and they form a well drilled body of soldiers even at
the end of the three weeks period. Instruction in the funda-
mentals of aerial fighting begins at the very first in the Junior
wing and continues throughout the entire course. It is not an
uncommon thing to find the Junior devoting whatever spare
time he may find in perfecting himself in this foundation work
of his aerial career.
In the Senior wing the work broadens in character and instruc-
tion is given in subjects pertaining to all phases of the aviator's
job. It is not permitted to enumerate or speak in a detailed man-
ner of the work accomplished in these five weeks of training. One
need only to note the determined and attentive mien of the men
as they work in the classroom or laboratory, indeed, even as the}'
pass from one to the other, to be assured of the fact that they
appreciate the seriousness of the business in which they are now
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engaged. The visitor to the laboratory finds himself in the midst
of many activities going on in one large room without conflict or
commotion. Several Senior squadrons varying in size are busily
engaged in assembling and taking apart, in observing and rec-
cording. and by means of black board and chart they are in-
structed in every probable set of circumstances that may be
expected to arise under actual flying conditions and how to meet
them. No attempt is made to enter into exhaustive theoretical
studies during any portion of the work, and altho the programs
of study are comprehensive, they are made practical and fitted
to the present exigency.
It should be noted to the credit of all of our young men who
are preparing for the aviation service and who have had little or
no previous training along engineering lines, that they succeed
admirably in mustering in eight weeks what the average college
student would be expected to learn in a whole semester. This
rapid progress is made possible in two ways
:
1. By making the character of the instruction ex-
tremely practical. Complicated formulas and long demon-
strations are entirely avoided. The facts are presented and
assimilated without time being spent in finding out the
mathematical why and wherefore of the matter. In short
only that material is included which will suffice for efficient
performance of the task at hand.
2. By carefully providing that no motion be lost or
wasted from the time the candidate enters the school until
he leaves it. The wheels are always kept turning and the
work is carried on with precision and dispatch. Regularity
and punctuality become habits. Even the casual observer
notices the drive and snap of the men.
The painstaking and well-wrought out pedagogical methods
employed in much of our University instruction might be im-
proved if there were infused into them many of the stimuli
which permeate the instruction in the Ground School of Military
Aeronautics.
CHANUTE FIELD
C. C. Wiley
Associate in Civil Engineering
Anticipating the ability to design and construct air craft as
required, one of the first steps taken by the United States upon
entering the war was to begin the training of an aerial army, by
organizing ground schools, and establishing flying fields. The
construction work incident to these "aviation fields" has re-
ceived very little attention even in technical papers, probably on
account of the enormous magnitude and some remarkable con-
struction records of the cantonments for the National Army.
But the problems incident to the building of these aviation
camps were fully as difficult, often more varied, and perhaps
more interesting than those of the less specialized but vastly
bigger cantonments.
One of the first fields to be established is known as Chanute
Field and is located at Rantoul about 14 miles north of the
University of Illinois. The site is a mile square and as most of
the field is required for flying purposes, the buildings necessary
to accommodate some 2000 men and 72 airplanes are located in
a comparatively narrow belt along the north side of the field,
just outside the corporate limits of Rantoul. The land was all
in well improved farms so that the problem which confronted
the contractors was to convert this cultivated land, already green
with young crops within a period of 60 days, into a thoroughly
modern city and a firm dry meadow for the machines.
On May 26, 1917, the contract for the work on a cost plus
percentage basis was given to English Brothers, a firm of build-
ing contractors located at Champaign. Preparations were be-
gun immediately and while the engineers were making prelim-
inary surveys and establishing base lines and bench marks, labor
gangs were organized and materials ordered. By May 29 things
were ready for construction to begin in earnest.
One of the first steps was to make a connection between the
Illinois Central and the Kankakee & Urbana Traction Co. at
Rantoul, and to construct a permanent spur of the latter into
ami along the north side of the field with the view of delivering
materials direct to the field. Owing to the inexcusable slowness
of the interurban track gang and later to inadequate trackage,
much of the materials had to be team hauled from the yards
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of the Illinois Central R. R. at Rantonl, a distance of about 1.5
miles. Half of this was on pavement and half on dirt roads and
as rains were frequent the hauling was difficult and expensive.
As is often the case, little was done to improve the dirt roads
until the necessity for improvement was past.
The original layout called for 53 buildings. Twelve of these
were hangers 66x120 ft. each with a 15x61 ft. wing. These
buildings had concrete floors, trussed roofs, and huge doors
opening the full width of each end. A repair shop and a garage
each 66x202.5 ft. were similar in construction ; these together
with a machine shop 66 x 120 ft., an all-steel blacksmith shop and
a supply building, completed the provisions for caring for the
machines. The laying of the floors of these buildings was itself
no small job, as they totaled nearly 4 acres of concrete 4 inches
in thickness. To provide for the enlisted men were six barracks
20x336 ft, and six mess-halls 20x120 ft. The barracks had an
8 ft, porch along the front and an attached bath house in the
rear. For the officers there were ten buildings, each containing
six neat, comfortable and attractive, though rather small, four-
room apartments. In addition to these an administration build-
ing, a commandant's residence, a post exchange, a Y. M. C. A.,
an officers' club, a Q. M. supply building, a huge school, a large
well equipped hospital, and a boiler house completed the layout
for sundry smaller buildings.
All of the buildings were of good frame construction, sheathed
with ship-lap, covered with drop-siding and roofed with red
slate composition roofing. The buildings used by the men had
double wooden floors, were finished inside with wall board, had
stained woodwork and therefore were neat in appearance and
quite weather proof.
The construction of the buildings, except the hangers and
shops, presented no unusual features. No "grand stand stunts"
in the form of extreme rapidity of construction were attempted,
and yet as the engineers, carpenters, painters, plumbers, steam
fitters, etc., swept in sequence across the field, completed build-
ings arose as if by magic and the effect was quite spectacular.
One of the first questions to consider was that of water supply.
Tn this case, however, ample water could be secured from the
Rantonl water works, so that it was only necessary to construct
a pipe line and install an electric booster pump to maintain
sufficient pressure in case of fire. This water system, however,
called for about 2.5 miles of 4 inch and 6 inch main and a mile or
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more of service connections. Much of the main had to run to
grade in order to not interfere with other underground systems.
All the buildings were equipped with the best plumbing.
Proper care of sewage required the laying out of a complete
sewer system consisting of a concrete septic tank, a mile of 8 inch
sewer, an equal amount of 6 inch laterals and a flush tank. The
effluent from the septic tank was discharged into a 30 inch tile in
an adjoining field, the ultimate outlet being through a dredged
drainage ditch.
Although the original farm land was considered well drained,
it was desired to further dry the space around the buildings
and for some distance in front of the hangers as rapidly as
possible, and at the same time make provision to handle the
surface water. To accomplish this nearly eleven miles of 4 to
12 inch drain tile were laid in an area of only about 100 acres.
This tile system had to be worked in between water mains, sewer
lines, and steam pipes, and consequently required quite a little
care and foresight. One of the engineers succeeding in bump-
ing an 8 inch tile squarely into the water main whereupon his
companions conferred upon him the degree of "Drainer of
Water Mains" with a lot of good natured "kidding".
Besides the water pipe, sewers and tiles, there were two other
underground systems,—a steam system and a gasoline system.
The steam system was nearly a mile in length and was quite in-
flexible as to line and grade and hence proved a veritable nuis-
ance in connection with the other pipe lines. The gasoline sys-
tem consisted of two 10,000-gallon storage tanks and three filler
stations, each filler station having a pipe line to the master pump
at the storage tanks. Incidentally, while unloading one of these
big tanks, which was about 9 ft. in diameter and 28 ft. long, the
contractor's superintendent insisted that a 3-foot bank of dirt
from a sewer trench would serve to stop it and therefore let it
roll free down an incline of ties. The tank, however, jumped
the trench, hurdled the pile of dirt, flattened out a fence and wan-
dered some ten rods into an adjoining corn field, much to the
amusement of the bystanders and the discomfiture of the super-
intendent. Despite the warnings of the engineers, these two
tanks were placed in a pit about 12 ft. deep without either
foundation or anchorage. Later a heavy rain came and the
empty tanks came up bodily for all the world like a pair of
subterranean U-boats. Then, of course, the work of setting had
to be repeated and anchorage provided.
All buildings were electric lighted and electric power was used
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in the shops. The Rantoul plant could not carry this load and
therefore a 15-mile transmission line had to be built from the
power house at Champaign. The distribution on the grounds
was by an overhead system. A complete telephone system was
installed and, with glaring inconsistency, placed underground.
For some unexplained reason the Government insisted on a
building platform of uniform slope. To accomplish this re-
quired cut and fill of about 4 ft. maximum and the movement
of nearly 50,000 cubic yards of earth. As this had to be done
in and around the buildings while other work was in progress
it was done under considerable difficulties and consequently high
cost, probably amounting to $1 per cubic yard. The three steam
shovels, an elevating grader, a battery of Maney scrapers, be-
sides tractor trains, wagons, skips, etc., lent a very busy air to
the whole work.
Streets and sidewalks are essential to any community and
these camps are no exceptions. The various entrances to build-
ings were all connected by walks or drives of crushed stone.
The walks were all four feet wide, and aggregated close to 4
miles in length. Most of the drives were 25 ft. wide, with a few
18 ft., and the spaces between hangers were covered with stone
to the full width of 66 feet. In all, this was equivalent to
nearly three miles of 25 ft. drive, and required nearly 200 car-
loads of crushed stone and screenings. Designed and approved
by men who were not road engineers and apparently unfamiliar
with the limestone of this locality, these roads were made but
5 in. thick. Constructed by men inexperienced in road work
and with engineers pointedly advised to mind their own busi-
ness when offering advice, it is not at all surprising that when
the army trucks struck these drives that the uncompacted stone
covered with a mushy layer of screenings speedily showed needs
of doctoring. Finally the State Highway Department was called
in to remedy the trouble.
Taken individually, none of the features of the work were
especially unusual or difficult, but taken collectively they fur-
nished many interesting problems to keep all parts running
smoothly and without interference either between labor crews
or the various structures. Xot the least of these problems was
to secure reasonably good work. In this work the engineers
were employees of the contractor, instead of the Government,
as they should have been, and consequently had no authority.
Persuasion and tact were the onlv substitutes available, which
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did much, but Oil the other hand often failed. Being building
contractors there was absolutely nothing to worry about in the
building line, but in some of the other lines some good stiff en-
gineering supervision would have been good for their souls as
well as for the character of the work and the poeketbook of
Uncle Sam.
The work progressed rapidly with an average of about 1700
men on the pay roll. About the end of the fifth week a "bird"
dropped down from the blue sky and created quite a little
excitement, among the workmen and gave a hint that the work
was nearing the end. Capt. W. W. Spain was the pilot, and after
spending several hours on the field flew back to Chicago. On
th first day of the seventh week, twenty planes landed early
in the morning to find ample barrack and hanger room in condi-
tion to receive them. They had made the trip from Chicago in
about one and one-half hours. On the first day of the eighth
week regular flying instruction began and by the close of the
sixty days practically everything called for originally was fin-
ished. A small amount of fine grading, road work, and surfac-
ing of the railroad track which had been delayed by rain, and
the addition of a few small buildings kept some workmen on
the grounds a few of weeks longer.
Taken all together Chanute Field as it is today is an excellent
example of what can be accomplished in a short time in the
press of emergency, and is a worthy monument to the pioneer
in aeronautics whose name it bears.
THE NEW MECHANICAL ENGINEERING LABORATORY
V. S. Day, 17.
The need for a new mechanical laboratory to place the instruc-
tion in the Mechanical Laboratory on the same high level with
the instruction in the other branches of the Mechanical En-
gineering Department, was felt long before any action toward re-
construction was possible. The old laboratory with its con-
fusion of apparatus and equipment, its poor light, its crowded
offices, computing rooms, and laboratory space, and its lack of
good accomodations for the student, was a chaos indeed when
compared with the present beautiful laboratory of Mechanical
Engineering.
Action was finally taken when in the summer of 1916 the
old laboratory equipment was dismantled and the work of build-
ing a new, modern, complete and efficient laborator was begun.
The old laboratory building housed the Civil Engineering High-
way Materials Laboratory in a separate room. Following the
removal of this laboratory to other quarters, the brick wall
separating it from the mechanical laboratories was torn out
giving a clear available space of 120 x 140 ft. To this
was added, on the southeast corner, a two-story extension, 20
s 40 ft,, for offices and private laboratories. The old concrete
floor was torn out of the laboratory and a basement four feet
below the old floor line was excavated and concreted. Six feet
above the old floor there was constructed a mezzanine floor. This
floor is of reinforced concrete ten inches thick, supported by
eighteen inch square columns, spaced at fifteen foot intervals
over the basement floor. This mezzanine floor is surfaced with
granite chips giving it the resemblance of a terazzo floor. Two
iy2 x 10 ft. rows of light wells, each 1V2 x 10 ft. placed fifteen
feet on centers, admit daylight to the basement.
The new laboratory is excellently lighted electrically. In the
basement there are provided 360 40-watt tungsten lights, giv-
ing only 40 square feet to be lighted by each lamp. Over the
mezzanine floor are 60 100-watt nitrogen lamps, each having a
good porcelained reflector. In the daytime sufficient light is
admitted by the saw-toothed skylights, three in number, each
running the full length of the laboratory. The interior of the
laboratorv is painted a light-bine drab, which collided witli the
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excelltent lighting makes the laboratory pleasant by day, bril-
liant at night.
The new arrangement provides for three general classes of
equipment: the north hay for steam engines, the middle bay
for gas engines, and the south bay for heating and ventilating
equipment. This arrangement has been carried out as far as
practicable and has been found very convenient in class in-
struction; Some special departures from this plan have been
made, the ice machine being in the middle bay, and a test boiler
in the south bay.
The steam bay contains eight engines, an ice machine, a De-
Laval turbine, a double-acting duplex pump, and a two-stage
air compressor, all connected with a six inch wet steam line
from the boiler room. A four inch superheat main also
passes over the steam bay and some of the engines can use steam
from this main, by-pass valves being installed. The neatness of
the arrangement of the engines in this bay is strikingly noticable,
the cylinder heads of all the engines being aligned and the
overhead steam pipes supplying the engines being all of the
same curvature. Furthermore the absence of all exhaust mains,
condensers and auxilliary equipment leaves a clear floor around
the engines. This auxilliary equipment and the exhaust mains
are located in the basement.
The same is true of the gas engine bay. All piping is carried
into the basement leaving a clear floor around the machines and
a clear sweep for the traveling crane. There are five stationary
type gas engines in this row. At the west end of this bay on the
street level, provision is made for an automobile testing plant
and a small gas producer. This bay contains, also, a good elec-
tric dynamometer for gas motor testing. The department now
possesses three good modern types of auto motors and one
aeroplane motor.
The south bay, given over to equipment incidental to the heat-
ing and ventilation of buildings, contains a furnace stack test-
ing plaid, an air washer and humidifier, a hot blast heater test
plant, several house heating furnaces (steam, air, and water),
and a radiator testing plant. A large overhead air duct con-
nected with a fan driven by a dynamometer motor, serves for
tests incidental to air handling.
In the basement are two large flumes each four feet deep, four
feet wide and running the full length of the laboratory. The
water from condensers and cooling water from gas engines flows
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to these flumes and is pumped back to the service lines by verti-
cal centrifugal pumps.
Facilities for efficient class instruction are well provided. One
larg'e room adjoining the laboratory is furnished with individual
steel lockers, making it a convenient and safe place for students
to leave coats, books, and other personal property while at work
in the laboratory. An ample number of wash basins are pro-
vided in the locker room so that no student is delayed in his de-
parture from the laboratory at the end of the working period by
the necessity of waiting for room to wash.
The laboratory tool and supply room, although not yet com-
pleted nor fully equipped, will be the best in any of the labo-
ratories of the University. The tool cases will be of all-steel
construction as will be the tables, racks, and other furniture of
the room. A new and serviceable method of checking out tools
and apparatus has been devised.
The laboratory will, when completed and fully equipped, be
one of the most efficient laboratories of instruction throughout
the country. At present much of the equipment is delayed in
shipment or fabrication by the extraordinary demands made
upon the manufacturers, but it is hoped that the work will soon
be carried to completion.
A TRIP THRU THE GARY STEEL PLANT
II. E. KELLY, 18
During the present great war when the steel industry every-
where is being pushed to the limit to supply an unprecedented
demand, there are few places which will hold the interest of an
engineer more than a large steel plant. The one at Gary, In-
diana, which is operated by the United States Steel Corpora-
tion, occupies 1000 acres along the south shore of Lake Michigan.
This location was chosen because of the admirable transporta-
tion facilities afforded. Being centrally located between the
rich ore-bearing region about Lake Superior and the coal fields
of Indiana and Illinois, and being near the greatest railroad
center in America, the situation is ideal. The three products
which are used in the manufacture of steel—ore, coal and lime-
stone—can be brought together with a minimum cost, while at
the same time means of transportation is provided for the fin-
ished product.
Beginning at the mile-long unloading docks where a cargo
of ore had just arrived, the process of manufacture was fol-
lowed to completion. The ore is first deposited in great storage
bins by means of an electrically operated crane, which runs
back and forth upon an elevated steel cantilever bridge and
carries a 15-ton clam shell bucket. It is then elevated by a
conveyer and charged, together with limestone and coke, into
one of eight huge blast furnaces, each of which eats up 2000 tons
of raw material a day. After the ore has been smelted, (the
process is continuous), the furnace is tapped at the bottom and
on the opposite side from which it was charged. From one open-
ing pours tlie slag, later to be used in the manufacture of port-
land cement; from the other opening pours the molten iron into
Indies mounted on cars which are immediately transported to
flic mixer. The mixer is a large container into which many
"heats" are dumped in order to insure a uniform product.
A third product of the blast furnace is gas. Although for-
merly wasted, modern engineering has found manifold uses for
it. Some of these are: (1) to heat the air for the hot blast;
(2) to operate the open hearth furnaces; (3) to run the engines
which supply the power for the unloaders and other machinery
about the plant; and (4) to furnish power for the lighting sys-
tem of Gary. It is also used together with coke oven gas to
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furnish power for two subsidiary plants. The hot "stoves", the
primary and secondary washers, and the storage gas-tanks com-
prise no mean part of the equipment.
From the mixer, the smelted iron was followed to the open
hearth furnaces. Here it undergoes ten or twelve hours of
''cooking" under an intense heat of burning gas. Into these
furnaces, along with the molten iron, is charged scrap and finely
crushed limestone in such quantities as to produce steel of the
desired quality. A look through a peep hole into one of the
furnaces disclosed a bubbling, white-hot mass which appeared
to be tinted with pink and blue. Upon the completion of the
heat, a tap was made, i. e., a bar was pushed through a clay-
filled hole at the back of the furnace and the molten mass was
allowed to run into another deep ladle mounted on trucks. Car-
bon, which had been removed during the process, was now added
in the proper proportion. From the ladle steel was immediately
poured into large ingot moulds.
In what is known as the duplex process, molten metal is
"blown" in the Bessemer converter, to remove certain impuri-
ties, and is then finished in the open hearth furnace. This par-
tial burning out of the impurities in the Bessemer converter
shortens the time required to produce open hearth steel by sev-
eral hours.
After the moulds have been removed and the ingots reheated,
they are hauled on a rolling table to the massive three-high rolls.
Each of these is about three feet in diameter and ten feet long.
Back and forth the ingot travels, growing thinner each time.
After nine passes, it is cut in half and each piece is sent for
three more passes between two pairs of roughing rolls, and
finally, through finishing rolls. Giant shears and circular saws
snip off the ends, cut it into sections, and the finished bar or
railroad rail is ready for cooling and shipment.
The striking feature is the evidence throughout that the plant
had not developed from a small scale industry, but had been
conceived, designed and laid out in its present proportions. Less
than ten years old, it is today the largest steel plant in the
world. It represents an investment of $75,000,000, of which it
is said that at least $60,000,000 was expended in construction
and equipment underground. For every operation there is a
machine. One gets the impression that a steel worker does
nothing but operates levers. Efficiency, system, and safety pre-
vail throughout. Fortunate indeed is he who can say that he
has seen this wonderful plant.
Cijc Cfdmograpl)
Entered as second-class matter Dec. 5, 1914. at the Postoffice at Champaign, Illinois,
under the Act of March 3, 1.S79.
Published quarterly during the year by The Illini Publishing Com-
pany with the purpose in view of representing the interests of the
Electrical, Mechanical, Civil, Mining and Railway Engineering Depart-
ments of the University of Illinois.
STAFF
C. B. Taylok. '18 Editor-in-Chief
F. L. Shoxkwiler. '18 Business Manager
SOCIETY REPRESENTATIVES
C. A. Nagel. '19 C. E. Soeiety
H. C. Hakhicht. '18 Mining Soeiety
R. Rahx, '18 M. E. Society
R. S. Cooke. '19 Member-at-Large
D. J. Schneider. '19 Member-at-Large
ADVISORY BOARD
C. R. Richards. M. M. E Dean of the College of Engineering
C. A. Goodexough. M. E. Professor of Thermodynamics
E. J. Mehrex. B. S., '06 Vice-President McGraw Hill Pub. Co.
.4 very Bruxdage. C. E., '09 Civil Engineer for Holibard & Roche
THE PUBLISHERS' ANNOUNCEMENT
Subscription price. $1.00 a year in advance. Subscriptions payable by Postoffice or
express money orders, bank checks or repistered letters, made payable to The Tecii-
nograph. Monev in letters at sender's risk.
Advertising—The rates for advertising will be auoted on application. Copy should
be in the hands of the publishers by the 15th of the month preceding publication.
EDITORIAL
In 1885; the Civil Engineers' Club of the University of Illi-
nois published a number of the best papers presented before
that society during- the scholastic year. These papers which were
printed in volume form, and known as the "Selected Papers of
the Civil Engineers' Club," contained the following; explanation:
"The Civil Engineers' Club of the University of Illinois
is essentially an undergraduate society, most of the papers
being prepared by students. Not the least important of
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the results to the members have been the stimulation of
independent thought, the development of the ability to hunt
up one's own information, and the cultivation of the power
to express ideas clearly, concisely, and forcibly.
"This publication is made to place in permanent form
some of the papers read at the meeting's and also to extend
the influence of the society. The intention is to publish a
similar volume annually "
For four years,; publication of the "Selected Papers" was
continued, largely under the instigation and supervision of Pro-
fessor Ira 0. Baker. In 1890, the Mechanical Engineering So-
ciety joined with the Civil Engineers' (Tub in publishing the
journal, which then took the name of The Technograph. In
that first issue, Professor A. N. Talbot wrote an article on
"Railway Transition Curves," which he later expanded and
developed until he was able to present his now famous spiral
formula. The following year the Electrical Engineering Society
and Architects'' Club assisted in issuing the publication, and
The Technograph became a journal representative of all the
engineering societies at the University.
In the early days of its existence, The Technograph numbered
among its contributors such well known men as Ira 0. Baker,
A. N. Talbot, Gen. Wra. Sooy Smith, J. M. White, N. C. Richer,
Milo S. Ketcham, now Dean of Engineering at the University
of Colorado, Win. D. Pence, President of the Board of Evalua-
tion for Interstate Commerce Commission, W. L. Abbott, Presi-
dent of the University Board of Trustees, and E. H. Mehren,
formerly Editor of the Engineering Record.
The purpose of The Technograph has remained steadfast
throughout these thirty-two years of its publication to provide
a medium through which to express the best thoughts of the
engineering societies and the students in the College of Engi-
neering. In spite of the unfortunate circumstances regarding
its publication last year and in spite of the decrease in the en-
rollment in the College of Engineering this year, The Techno-
graph is again placed before you. If you wish it to be a live
publication, show an interest in it ; if you wish to see it a bigger
magazine, boost for it; if you hope to make it a better magazine,
contribute to it.
Every student in the College of Engineering, whether he is
of draft age or not, has undoubtedly considered the possibility
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of entering the Service. Many have already taken definite steps
in this direction, while others find themselves uncertain and un-
decided as to what they should do. The advice so freely and
often thoughtlessly advanced for our benefit has frequently made
us more confused than before. Like the reed that sways to
every wind that blows, so we are swayed from decision to inde-
cision by the multiplicity and incertitude of these admonitions
and accounts retailed for our benefit—utterances which leave
our minds seething chaldrons of advice, persuasion, belief, opin-
ion, hearsay and sentiment. We are impressed with the magni-
tude of martial activity. One man referred to the present war
as "the biggest thing that ever struck this world," and added
that it was "up to us to get into it". Lurid press reports fire
our imaginations with stories of valor and heroism until we are
fairy "rarin' to go". But those who have returned from the
firing line say a great deal of the dreary hours in wet trenches,
of months without a sight of the enemy, of the ceaseless routine
of camp and of the awful monotony of waiting for things to
happen. We must come to realize that in this age, more than
ever before, war is a stern reality. It knows no chivalry, it
recognizes no code of honor, it gives little opportunity for indi-
vidual bravery, it grants no mercy and expects none. It is no
longer to be considered as an excursion of adventure, but a
serious and disagreeable business of systematic extermination.
And some of us, we regret to say, are inclined to look upon
enlistment as an opportunity to get University eredit without
completing the required University work. The Council of Ad-
ministration has recently decreed that a student withdrawing
from the University for military service, after an attendance
in any semester of not less than nine weeks, may, upon special
examination without fee, receive one-half credit for those sub-
jects in which his class record at the time of his withdrawal is
G or better. Further, any student withdrawing after January
1st of this semester, may receive full credit for the semester's
work upon passing an examination covering the instruction
given up to and including December 21st.
Recent developments substantiate the belief that the war will
continue for another year at least, This makes all registered
men liable to draft, and consequently many students are hasten-
ing to enlist in that branch of the service which appeals most
to them, rather than to be placed arbitrarily by the draft
authorities later. However, the arrangement Avhereby drafted
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men may apply for admission into the Officers' Reserve Train-
ing Camps, and the Government's plan to classify all registered
men with the object in view of placing them where they will be
most useful and most effective, gives assurance that men with
engineering training and engineering experience will have an
opportunity to perform a more congenial and more efficient
service than before seemed possible.
Again, hasty and impulsive patriotism is often the impelling
force which causes many to enlist without careful and serious
thought. We are all patriotic, but we do not always pause to
consider how we can be most patriotic. Dean Richards in his
excellent article, "The Need for Engineers", to be found in
another part of this issue, points out that the greatest duty a
student in engineering can perform is to make every effort to
complete his education, that he may thereby be more efficient
and effective when needed.
It would be gross presumption in us to counsel you other than
to "Go Slow." Each case necessarily has its own peculiar
aspects. Before you decide either way, weigh carefully the mo-
tives which prompt your decision. Then wait a week, and if at
the end of that time you still feel that your judgment is right,
ffo to it
!
In these days of nation-wide economy, the following letter,
sent out to all Universal Portland Cement employes, seems very
pertinent
:
"Much has been said and written about economy and conser-
vation. The future is full of uncertainties. It is impossible to pre-
dict what conditions may soon confront us individually and as
a nation . Under the circumstances it is the duty of every one
to give very careful consideration to the future.
"You have subscribed to the Red Cross and to the Y. M. C. A.
War Fund. All, or, nearly all of you have bought Liberty
Bonds. Some of these may not have been fully paid for. The
Red Cross and Y. M. C. A. will soon need more money and it is
likely another issue of bonds will be offered by the Government
in a few months. Bonds subscribed for but not yet paid for
should be paid for as soon as possible, so that another subscrip-
tion can be taken when offered. Bonds should be paid for out of
current savings rather than out of savings now in the bank.
"Every reasonable economy, should be practiced. There are
two kinds of economy. One is economy of money. This is highly
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commendable but it benefits only the individual practicing it.
The other is economy in consumption. This is far more impor-
tant than merely money economy and it benefits the whole com-
munity. Economy of consumption is doing without articles in the
production of which human labor is employed, and more es-
pecially those things of which there is a world-wide scarcity,
namely, food, fuel, leather, cotton, wool, rubber, etc.
"You have heard the slogan, 'Food Will Win the War'. There
is more truth to this than many of us realize. Don't wast.- food.
It is of vital importance that we ship sufficient food abroad, not
only for the maintenance of our own army, but to feed our allies
whose production of food has materially decreased. Economize
m fuel. Don't have your homes unnecessarily warm. Don't use
more light than necessary. This consumes coal. Do not discard
shoe? or other wearing- apparel too soon. Do not buy furniture,
household goods, or other articles which are not urgently needed.
1'se judgment in Christmas shopping. Let such gifts as you
ma'ce be useful rather than ornamental. A gift of one of the
new savings certificates soon to be obtainable will more nearly
serve tln> national need than perhaps any other.
"Whatever you eat, drink, wear, smoke or burn is consumed.
Do not con consume more than absolutely necessary.
"We must, do all we can to Win th< War and Win It Quickly.
Ri as'onable, voluntary economy by everyone now will make dras-
tic, compulsory economy later unnecessary."
FACULTY MEN IN SERVICE
Mr. II. C. Arnold, Drafted, Camp Dodge.
('apt. II. E. Babbitt, Ft. Sheridan, Senior Instructor's Office,
('apt. B. W. Benedict, Battery F, 149th Field Artillery, France.
Lieut. C. V. Burger, Camp Grant.
Lieut. J. E. Burgess, Camp Grant.
Lieut. J. A. Dent, Coast Artillery, France.
Lieut. L. C. Dillenbach, Aviation.
E. N. Fales, Aviation Section, Signal Corps, Washington, D. C.
Lieut. C. L. Ilarrcll. Awaiting Orders.
R. E. Kennedy, Drafted, Co. A, 313th Engineers.
Capt. II. VY. .Miller, Seacoast Section Carriage Division. Ord-
nance Dept., Washington, D. C.
Major E. C Schmidt. Awaiting Orders.
W. ('. Titcomb, Construction Unit, France.
Capt. W. M. Wilson, Camp Cody, New Mexico.
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FACULTY INSTRUCTORS IN AVIATION
Lieut. J. W. Davis.
C. S. Fazel.
W. H. Hyslop.
F. W. Pickles.
L. A. Wilson.
0. S. Beyer.
H. S. McDowell is Engineer of Tests at Washington, D. C.
SOCIETY NOTES
The C. E. Society held its first meeting of the year on Tues-
day, September 27 at 7 :00 p. m. All of the officers that were
elected last spring returned, as did a good number of the old
members. An encouraging amount of "pep" was in evidence
throughout the entire meeting. President H. E. Kelly appointed
several standing committees. The question of when it will be
best to hold the meetings was raised and it was decided to follow
the custom of last year, and hold the meetings on every other
Tuesday night at 7 o'clock.
On Friday, October 5, the Annual Smoker, which was changed
into a "Feed," was held in the Engineering Building. The
"Feed" started with a general get-together session. Everyone
applied himself so industriously to the pie, ginger-bread, cider,
apples, and popcorn, that the absence of the smokes passed un-
noticed. Following this session a number of "peppy" talks
were given by various faculty members. At this meeting the
Membership Committee got busy and as a result the club has
more members now than it had at any time last year. This
shows the spirit that the Club is putting in its work.
On October 16, Miss Baechtold, the Engineering Librarian,
spoke on "The Progress the Engineering Library Has Made Since
It Started Last Year". She called attention to the fact that
she has found by the attendance in the Library, that engineers
enjoy reading and that they are departing from the idea that
"us engineers don't need no rhetoric nohow". At this meeting
a motion was presented and passed to give the support of the
C. E. Society to a Conference of Human Engineering, which is
under consideration by the College of Engineering. A conven-
tion, similar to this, was held at Ohio State University last year
at which tin 1 human side of engineering was discussed, such as
the handling of men. etc.
At the third meeting of the Societv, held on October 30, Mr.
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A. \Y. Howson, '18, gave a short talk on "Grade and Curve Re-
ductions.'" Mr. Howson was formerly employed on the part
of tin- C. B. & Q. Railroad line that follows the Mississippi
River from Savannah to Minneapolis. On the construction of
this road a very unique method for this kind of work was
adopted. The method as outlined by Mr. Howson was to pump
sand by means of hydraulic pumps from the river bottom to
fill up the bayous.
On November 20, Mr. H. H. Edwards, '17. last year's presi-
dent of the Society, gave a very interesting lecture on "Hard
Roads Development." Prof. J. E. Smith of the ('. E. Depart-
ment is to give a lecture in the near future on the "Construction
of Chanute Field." Prof. Smith was engaged on this work
during the past summer and his lecture should prove very in-
teresting to all civil engineers, as this was a new proposition in
which economy was sacrificed for rapidity of construction.
It is the policy of the club this year, to have as many of the
students as possible to give lectures during the year. The meet-
ings of the C. E. Society are open to all civil engineering stu-
dents and all such students are invited and urged to come.
Chas. A. Nagel.
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THE RAILWAY FREIGHT CAR PROBLEM
W. P. M. Goss
President of the Railway Car Manufacturers' Association
Students of the University have in recent years given abun-
dant evidence of their interest in the problem of transportation.
In recognition of this fact I venture to call the attention of the
readers of The Technograph to certain aspects of the freight
car problem as it is today impressing itself upon our country.
Freight cars constitute a form of currency, by the circula-
tion of which the national life is maintained and enlarged. If
an adequate supply of this form of currency is lacking, the com-
fort and convenience of communities of people are unfavorably
affi cted, trade is checked and industry is halted. The manufac-
turing industries are the starting point from which modern ar-
mies and navies gain their support, and as industry cannot flour-
ish or long survive without freight transportation, the freight
car becomes a first necessity in war.
Efficiency in business is everywhere secured through the
maintenance of surplus resources. The banker must have capital
sufficient for every emergency, and the merchant a surplus of
merchandise from which to meet the periodic demand. The
maintenance of these resources in excess of normal requirements
while expensive, must be carried as a part of the Legitimate cost
of doing business. Similarly the railroads of our country should
always have a surplus of freight cars, that industry may always
have cars when and where they need them.
For reasons which need not here be discussed, it has hap-
pened that railroad transportation has in recent years been de-
nied a degree of support essential to its proper development. As
a consequence investments in locomotives, in cars, and in termi-
r>(i The Technograph [January, 1918
ii;il facilities by the railroads have not kept pace with the growth
in tlic public need.
It is of interest in this connection to note thai the
American railways possess today two and one-half million freight
ears. Not less than 100,000 new cars are required each year to
make good the depreciation in the existing- supply. Approxi-
mately another 100,000 cars should be added each year to meet
the demnads arising* from the growth of the country's business.
Only once since 1907 have the railroads of the country added as
many as 200,000 freight cars in a single year. Last year (1917)
there were built for service upon the railroads of this country,
less than 80,000 freight cars. As a consequence we entered the
war with an accumulated shortage of freight cars, and as yet no
adequate steps have been taken to make this shortage good. We
have seen the normal movement of merchandise restricted, food
products wasted, supplies of fuel lacking, and the efficiency of
all war sustaining industries greatly diminished.
In this emergency the manufacturers of railway cars, with
a capacity, largely unutilized, for building 300,000 freight cars
a year, have found many channels through which to be of service
to our country. They have sought to inform the railroads and
each other of the nature and extent of the country's present need
for cars. They have been building freight ears for Russia, freight
cars for the French Government, freight cars for the U. S. Gov-
ernment for use in France, and a few freight cars (less than
80,000, where a deficiency of a quarter of a million exists) for
the railways of this country. It has been the province of this
Association with which 1 am connected, to aid in a campaign of
education, to set forth the problem of the freight car as the
nation's problem; as the problem of a new day in American
railway transportation.
It remains for all who are interested in the success of Amer-
ican industry, who desire to help in winning the war, to have at
heart and to preach the gospel of greater and better things in
railway transportation. The importance of a surplus in trans-
portation facilities, as in other lines of business, needs to be bet-
ter understood, and the maintenance of a surplus supply of
freight cars needs always to be insisted upon. Perhaps the
readers of The Technograph, who are interested in this great
problem, will find occasion whereby they may promulgate such
views.
Fig. 1
Emergency Dam, Closed.
View from upstream side. Water not at final height. Note open-
ings between vertical rows of gates before drive pipes are placed.
THE EMERGENCY DAMS AT THE LOCKS OF THE
PANAMA CANAL
Arthur G. Gehrig, C. E., '17
Research Assistant in Civil Engineering
Seldom will one find Three and One-half Million Dollars
spent upon an engineering feature which, at the outset, it is sin-
cerely hoped, will never be used. Larger amounts may have been
spent for works which have not proved to be of service, but such
conditions were not known or revealed at the time the appropri-
ations were asked. However such was not the case with the
emergency dams.
Caution upon caution has been taken to insure the positive
operation of the Panama Canal at any and all times, and, in case
of accidents, to reduce the resulting damage to a minimum. No
vessels, excepting motor boats and other light craft, are per-
mitted to pass through the locks under their own power. To
prevent the possibility of ramming the lock gates, they are towed
by heavy and powerful electric locomotives. To protect the outer
gates at each end of the lock an extra pair of gates, known as
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guard gates, are provided in each case. To protect the guard
gates 3-inch fender chains have been provided 500 ft. in front
of the guard gates. In addition to these mechanical safeguards
the entire operation is protected by a very extensive electric in-
terlocking control board. In view of all these measures it would
seem that the possibility of a series of gates being ripped out and
the waters of the lake above being turned loose would be very
remote indeed. However, such disasters have occurred on other
canals and would, therefore, demand consideration at Panama.
In case the gates should lie taken out by accident, or by the
work of an enemy, the locks would form a raceway for the waters
of the lake above, resulting- in great damage to the locks them-
selves and to the cities along the banks of the canal below. Xo
repairs could be made until the Mow from the lake had ceased
and navigation could not be resumed until the lake water had
been replenished by rainfall, which would require many months.
Aside from commercial considerations, the military importance
of the canal would justify the expenditure of a very large sum
of money to guard against such a tie-up.
Construction of Emergency Dams
In short, each emergency dam is essentially a swing bridge,
with unequal arms, the outside lock wall forming the pivot pier.
In the open position the entire structure rests lengthwise over
the lock wall and is entirely out of the way of traffic. In its
(dosed position the long arm, carrying the gates, extends across
the lock chamber while the short arm, carrying the counter-
weight, extends across the back-fill. (Fig. 1). The length of the
long arm is 164 ft. and the length of the short arm is 98 ft., mak-
ing a total length of 262 ft. The vertical trusses are 32 ft. apart
and the depth of the trusses at the center is 46 ft. There are
two emergency dams located at the upper end of each set of
locks. 200 ft. upstream from the guard gates. Since these struc-
tures are of unusual type, design, and size, considerable detail
will he given.
The dam proper is formed across the lock chamber by Lower-
ing what are known as wicket girders (Fig. 3) in a- nearly ver-
tical position into the lock chamber, then a series of buckle plate
gates are let down on the upstream side of the wicket girders
until a solid steel wall, as it were, is formed across the channel.
The wicket girders, (id ft. long and 7 ft. deep, are normally held
in a horizontal position below the lower chords of the main
trusses Pig. 2), being hinged to the lower chord of the down-
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stream truss and suspended at the outer ends by sets of blocks
and falls. When lowered to their final position they have a
batter downstream of 1 horizontal to 10 vertical (Fig. 5). The
lower ends rest in heavy cast steel pockets set in the masonry sill.
To prevent heavy debris from lodging- in these pockets, sumps
32 ft. wide and 14 ft. deep are constructed across the chamber
just on the upstream side of the sill. In case such an obstruction
as a watersoaked log should be caught between a wicket girder
',£;;:,;$s^t:
Fig. 2
Emergency Dam. Closing.
Horizontal truss suspended at left. Wicket girders suspended and
extending to the right. Gates hanging above wicket girders, beneath
floor, to left of center.
and its pocket, the girder hoisting machines are strong enough
to play the girders up and down against the full current, in order
to free the obstacle. The girders are of box section so as to bet-
ter withstand the torsion caused by strong eddies. Each pair has
lateral bracing on the upstream face only. The cross frames are
made very light so that if there should be any force tending to
seriously twise a pair of girders the cross frames will fail before
the girders themselves are twisted out of shape.
Upon the six pairs of wicket girders 5 horizontal rows of
gates are lowered, there being six gates in each row (Fig. 1).
Each gate, approximately 10 ft. x 18 ft., is formed of % in.
60 The Technograph [.January, 1918
buckle plates upon a frame made of channels and [-beams. The
frame is in turn carried by roller-bearing chrome steel wheels
which run upon 1"><) lb. crane rails, mounted on the wicket gird-
ers. The lower edge of each gate is fitted with a special bent
plate steel Qosing which fits into a corresponding groove on the
tup of the gate below. The openings between the sides of the
gates are closed to some extent by letting down 6 in. pipes between
the outstanding legs of the channels which form the ends of the
gate frames. The pressure of the water holds these pipes to a
snug bearing, thereby reducing in large measure the leakage be-
tween the vertical rows of gates. It is not intended that the dam
shall be water-tight. The object is to reduce the leakage to such
an amount as can be readily handled by the pumps or drains
available.
Peculiar Load Conditions
The gates must, by their own weight, roll down the wicket
girders even when the pressure of the rushing water is against
them. The gates were designed for water current pressure vary-
ing from 1260 lbs. per square foot at the bottom tier to 360 lbs.
per square foot at tin- top tier. To abtain this result specially
finished bearings, and a special lubricant, are used. Extensive
tests upon the finished gates were made at the shop to insure their
rolling freely under the given conditions. These tests showed
that under the maximum pressure, in any case, a force equal to
4.3 f/( of the weight of the gate was sufficient to roll the gate down
to its propel- position. There is then little probability of the
gates ever sticking. If such should occur, however, the weight of
the gates above would be available to force the gate downward.
The thrust at the upper end of the wicket girders is taken
by a horizontal Warren truss placed on the downstream side at
the bottom of the swinging structure. This truss delivers the
thrust horizontally to heavy buttresses built into the lock walls
I Pig 5 i. This horizontal truss takes no stress into the lock walls
girders are lowered. It is supported by hangers from booms at-
tached to the main trusses.
The design of the center bearing required special study be-
cause of the great weight of the swinging structure. The center
pivot type was preferred over the rim-bearing type because it
would allow a much shorter length of wicket girder. However,
the heaviest center-pivot type swing-bridge previously erected
weighed only 2,200,000 lbs. and the heaviest rim-bearing type
swing-bridge weighed 5,500,000 lbs., whereas the estimated weight
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of the pivot-bearing emergency dam was 6,700,000 lbs., or practi-
cally three times heavier than any swing-bridge of that type ever
constructed. The upper and lower disks of the center pivot are
of chrome vanadium steel, 43 in. in diameter and 5 in. thick at
the center. Between the upper and lower steel disks is placed a
manganese-bronze center disk also 43 in. in diameter, but 7 in.
thick at the center. Since the load on the disk is 6,700,000 lbs.
and its area is 1452 sq. in., the minimum unit pressure is 4,620
Fig. 3
Lowering Wicket Girders.
Lowering in pairs. Gates hanging above ready to be lowered.
lbs. per sq. in. This is the highest unit pressure that had ever
been used in a similar location. On top of the pivot casting rested
two center cross loading girders, each 11 ft. deep and weighing
32 tons. The base casting is 9 ft. in diameter and weighs 17 tons.
At the extreme end of the short arm was placed the counter-
weight. This consisted principally of a block of concrete approx-
imately 30 ft. x 30 ft. in plan and 20 ft. high. To reduce the
amount of counter-weight necessary, all of the turning and wedg-
ing machinery and the operator's house wrere placed at the end
of the short arm (Fig. 4). The large concrete counter-weight
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block, therefore, had some cavities in it to accommodate some of
this machinery. It also contained two Large pockets abotit 10 ft.
deep for the reception of pig iron counterweights which would
permit exact balancing of the entire structure.
Operation
The operator's house and the switch-board house, including'
the roofs, were built of reinforced concrete. All of the millwork
was of copper covered wood. The hardware was of brass or
bronze. This expensive finish was required to meet the severe
climatic conditions of the Isthmus.
Steel stairways and walkways lead to all of the principal
operating machinery. The structure in general and the operat-
ing machines are well lighted so as to facilitate operation at
night if it should be required.
Normally, electric current, A. ('., 25 cycle, 3-phase, 220
volts, is used to operate the machinery, but in every case the op-
eration may he performed by hand in case of failure of the
electric power. All electrically operated machines are protected
by limit switches which automatically shut off the current when
the limit of motion is reached. Two motors of 112 horsepower
each are used to turn the dam. In case of failure of one, the
other alone will turn the dam but at a slower speed. Each motor
has its own control, but either control will operate both motors.
They are reversible and are equipped with solenoid brakes. An
indicator showing the position of the dam at any instant is
placed in view of the operator.
All of the wedges are driven by one 25 horsepower motor
Located near the center . The control and wedge indicator are
located in the operator's house.
Each pail- of wicket girders is hoisted or lowered by means
of a 7-part 1-inch steel cable passing through blocks to a hoisting
drum driven by an electric motor (Fig. 5). These operations
are controlled from the operator's house.
Each vertical set of gates is hoisted by means of % in. x 2 in.
Hat steel ropes, two to each gate, passing to the drums of the gate
hoisting machine, which is electrically driven.
An end latch for locking the dam open or closed is operated
simultaneously with the driving or tin 1 drawing of the wedges,
its operation being indicated by a semaphore signal in view
of the operator. Semaphore and light signals are also provided
to indicate to the canal traffic the position of the dams.
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Conditions of Loading
The stresses in the structure were computed for four differ-
ent conditions of loading:
Case I Dam Swinging-.
Case II Wedges driven, wicket girders being lowered in
current and about to touch sill.
Case III Wedges driven, wicket igrders resting on sill, no
current.
(
'ase IV Wedges driven, wicket girders and all gates low-
ered, and total static water pressure upon gates.
Some idea of the stresses involved when the dam is operated
into the full current of water may be obtained by noting that if
a flight of lock gates should be carried away by accident, a
stream of water 110 ft. wide and 36 ft. deep would pour through
the locks at the rate of 24 ft. per second, or 16 miles per hour.
The rate of discharge would be 95,000 cubic feet per second, or
nearly one-half of the amount of water passing over Horseshoe
Falls at Niagara. The static head upon the dam is 49 ft.
All of the structural material was carbon steel excepting
the vertical trusses, horizontal trusses, wicket girders, lonigtudi-
nal and transverse girders at center, and the eyebars, which were
of nickel steel.
The erection was accomplished on the lock wall by means of
two 50-ton locomotive cranes. Three erection tracks were laid,
one on either side and one on the center line of the structure.
First the center pivot and the loading girders were placed. Then
the main trusses proceeded in both directions from the center.
Next the horizontal truss was erected beginning at the outer end.
Then the floor system, lighter bracing, gates, and wicket girders
followed in order. The main members were supported upon
heavy cribbing which was placed to the proper camber. The
riveting followed the erection closely so ;is to maintain the cam-
ber in the trusses. The installation of machinery and electrical
work was started as early as possible and was well along by the
time the structural work was completed. The concrete work was
also carried on simultaneously with the latter part of the struc-
tural erection. The erection of the first dam was begun in the
Spring of 1912 and the last one was completed early in 1914.
Tests
After the erection and installation of equipment was com-
pleted, and before the water had been let into the lock chamber,
the dam was swung and put through an operating test for ac-
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ceptance. The time required for the various operations in clos-
ing the dam was as follows :
Minutes Seconds
Drawing Wedges 19
Turning- Dam 1 44
Driving- Wedges 20
Lowering Wicket Girders 4 40
Lowering Gates No. 2 3 25
Throwing Clutches for Gates No. 2 49
Lowering Gates No. 2 3 25
Throwing Clutches for Gates No. 3 49
Lowering Gates No. 3 3 03
Throwing Clutches for Gates No. 4 49
Lowering Gates No. 4 2 32
Throwing Clutches for Gates No. 5 49
Lowering Gates No. 5 2 02
Total 24 23
The time lost between operations was 17 minutes and 54 seconds,
making the total time for closing the dam. with an untrained
force, 42 minutes and 17 seconds. The time required to bring
the dam back to its original open position was 1 hour. 27 min-
utes and 59 seconds.
After water was turned into the lock chamber a hydraulic
test of the dam, under its full static head of the 50 ft., was made
This test showed a leakage of 950 cubic feet per second, or 1%
of the estimated flow which would occur before the dam was
closed if the lock gates were carried away. The joints at the
tops and bottoms of the gates were comparatively tight. The
greater leakage occurred between the sides of the gates where
the drive pipes were used. A considerable leakage also occurred at
the lower ends of the wicket girders where :! j inch clearance
is allowed between them and the pockets.
A test with the full current flowing was not made as this
was considered too serious a matter to try out before the actual
need for such a test was furnished by some disaster.
In order to keep the machinery "limbered up" and to keep
an operating force in training, each dam is taken through a com-
plete operation about once a month.
The contract for the dams was awarded to the United States
Steel Products Company, foreign representative for the Ameri-
can Bridge Company. The contract for the gate and girder
hoisting machinery was sublet to the Otis Elevator Company;
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Cross Section of Dam in Closed Position.
Note Buttress for Horizontal Truss, and Hoisting Tackle to Lower
End of Wicket Girder.
the electrical equipment to the General Electric Company. The
total cost of the six dams was $3,456,303.00.
The emergency dams were designed by Mr. T. B. Monniche,
Designing Engineer, Panama Canal, who also acknowledges val-
uable assistance from Mr. 0. E. Bovey, Assistant Chief Engineer
of the American Bridge Company.
COST OF LIVING
The Economic World attributes the rapidly advancing cost
of Living since the war began to 380$ increase in the world s
uncovered paper currency, now $24,660,000,000, and 140', ad-
ditioD to national debts in all principal countries, up to July,
1917. uow $106,000,000,000.
THE ENGINEER'S PLACE IN BUSINESS
C. S. Sale
Assistant Professor of Civil Engineering
The average graduate in Engineering emerges from his four
years' course in College with a knowledge of a few of the funda-
mental principles which govern in the design and construction
of structures, machinery, or physical facilities for industrial,
commercial, or state purposes ; but his ability to sense and appre-
ciate the true significance of engineering work in its relation to
the underlying purposes of business is apparently undeveloped.
To build a bridge, a building, or a machine in a workmanlike
manner is to the engineer an achievement within itself, a techni-
cal accomplishment, which has no relation to the object for which
the structure may be required. In short, the engineer concerns
himself with the technical problem laid before him and is content
to leave the broader business phases of the enterprise to some one
else. His undergraduate training has emphasized technical ex-
pertness to such a degree that Ins view becomes unconsciously
narrow, and his first few years of detail work immediately fol-
lowing graduation serve to intensify rather than correct this
condition. Yet the mental discipline administered in an engi-
neering course and the reasoning power developed in the study
of engineering subjects are such as to provide an excellent equip-
ment for broader business activities, a fact which is demon-
strated by the relatively few engineers who have sought an outlet
for their energies in business affairs.
Business consists of financing, organizing, and operating
aggregations of capital and labor for the purpose of transform-
ing the materials supplied by nature into articles possessing a
market value, or of producing and selling a service for which the
public is willing to pay a price sufficient to provide a satisfac-
tory profit to the seller. Business in the broad sense, therefore,
is the agency by which the industrial and mercantile affairs of
the community are conducted. Obviously there are many kinds
of business. The corner grocery, the department store, the whole-
sale hardware house, the steel manufacturing establishment, the
mine, the farm, the railroad, and the newspaper are all different
forms of business.
Success in business depends upon many factors, Relatively
only a small number of businesses succeed or enjoy prosperity
over an}' considerable period. The reasons for business failure
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include among other things lack of financial support, incompe-
tence bred of a lack of training, inability to handle men, and the
adoption of policies which fail to inspire public confidence or
which call forth public disapproval.
Businesses may, for the purposes of this discussion, bedivided
into two classes: those which have to do with manufacturing and
industrial activities and those which do not. The manufacturing
ami industrial phases of business including mining and transpor-
tation constitute the branches of human activity which the en-
gineer is especially trained to serve: they may he called engineer-
ing pursuits. In the State of Illinois 56 per cent of its six mil-
lion people derive their support from these engineering pursuits.
The annual output of these activities is in excess of two billions
of dollars or more than three times the value of all the products
of the soil including crops, dairy products, and live stock. The
engineer's half of the business world is therefore the larger half.
The narrow conception of the duties of the engineer em-
braces the handling of details to serve the purposes of the husi-
ness man who directs the affairs of a corporation. This concep-
tion of the duties and opportunities of the engineer makes of
them incidents in a process the extent and object of which are
none of the engineer's concern. He does not inquire into the
organization, finances or affairs of the corporation. Engrossed
in his own problem his tendency is to ignore or overlook the big-
ger opportunity within his grasp for the trouble of studying and
understanding the influences which control it.
Without in the least attempting to discredit the dignity and
importance of the service which the engineer may render as de-
signer, constructor, or investigator, attention is directed specifi-
cally to other things the engineer is eminently trained to do which
will make him of still greater service to the community and which
will at least broaden his held of endeavor.
The greatest benefit of an engineering education lies in its
effect upon character. Honesty is characteristic of engineers;
not because engineers are born more honest than others, but be-
cause their training makes them so. They deal with materials
and forces governed by inflexible laws which can not be tricked
or cheated. The engineer must possrs^ good judgment if he is
to attain success. He must know when to use the cloth tape and
when the micrometer; he must know when to accept the result to
the nearest thousand and when to carry it out to the sixth deci-
mal. The engineer knows, too, that he must face his mistakes
fairly and squarely. Business success is built on those traits of
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character which the engineer must possess and does possess if he
is worthy of the name. Many will, no doubt, question this state-
ment and point to some signal successes, so called, built upon
chicanery and ruthless competition, but such instances are ex-
ceptions. Persistent use of trickery in business leads to failure.
The most successful and probably the largest retail merchant in
Illinois conducts his business on the principle that the customer
is always right. In New York there is a restaurant on Nassau
Street in the crowded downtown district in which, cafeteria style,
the articles of food are arranged on counters with prices plainly
marked
;
you may select what you want, and on your way out
report to the cashier the amount you owe and pay it. No check-
ing system is employed. This system has paid for twenty years.
The engineer's training, and fundamental attributes of character
fit him not alone for design, construction, or investigation, but
for positions of prime leadership in the affairs of business.
If it is true that the engineer is equipped by training and by
habits of thought to assume leadership in business, it is fair to
inquire why the average engineer remains a designer, a shop
superintendent, or a division head subject to the orders of men
trained by a different process. The answer to this query has two
aspects. The engineer not only acquires a liking for his profes-
sional work, but along with the traits of honesty, good judgment,
and accuracy he unfortunately acquires the belief that executive
capacity or ability, like engineering, is based upon certain in-
flexible laws of which he has no knowledge. Part of this, per-
haps, is true; executive ability does depend upon a knowledge
of certain laws, but it is not true that the engineer is ignorant
of them. They are laws which are based largely on common
sense, and the analytical mind of the engineer should, it would
seem, fit him admirably to assume and discharge any responsi-
bility which might be within his reach.
The attorney, the oldest of the modern professional experts,
is trained to undertake an analysis of anything. He has initia-
tive, vision, punch; lie is taught to regard any opportunity as
his opportunity; he asks no questions, he takes it. The engineer
needs to acquire the lawyer's view point.
The engineer need not, however, turn to executive or man-
agerial positions to broaden his field of service. There are many
problems requiring analytical study and solution to which he
may profitably direct his attention. The ultimate adjustment
of the labor question is a problem for the engineer, who knows
more accuratelv than anyone else the character and value of the
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service which Labor performs. The adoption of arbitrary laws
and obedience to the edicts of labor unions are not likely to ef-
fect permanently satisfactory results. The service performed
by Labor is of definite economic value, and the reward should not,
and probably can not always be controlled by artificial standards.
When the situation becomes sufficiently acute seriously to affect
further progress, it will be the engineer with his knowledge of
material values, his analytical mind, and his impartial judgment,
who will be called upon to make an adjustment.
Another service which the engineer is being called upon to
perform today is in connection with the extension of credit by
large banking institutions. Until very recently, applications for
credit were honored or not according to the opinion the banker
might form from an analysis of the applicant's balance sheet or
the report of an auditing expert. Losses resulting from this
plan have convinced some bankers that there are involved in the
success of a business a great many factors which are not reflected
by the financial statement. Character is one of them ; reputation
for fair dealing-; superiority of product, efficiency in manage-
ment, economy in operation, modern equipment, and scientific
factory organization are others. Some banking institutions are
now employing engineers who are called upon to inquire into
these things and the facts reported are accepted as of as great or
perhaps greater importance than the financial showing. In other
words, it has been shown that, even though a business may have
been operated profitably for years, when it finds itself in need of
more capital for extensions or even for operation, its manage-
ment may be incapable of properly directing the enlargement,
or conditions in the market may not warrant it, or the processes
and policies of the company may be such as to argue against the
probability of success on a larger scale. This is especially true
with the so-called old established firms of what we might term
the middle class, often owned by men advanced in years and
wise in their own ignorance of changing conditions. In such in-
stances, the engineer may perform a service which he may not
have in mind when he pursued his undergraduate work, but for
winch his training nevertheless eminently fits him.
Another aspect of business in which the engineer is nowa-
days playing a greater and greater part is that of organizer. Here
again his training should help him. lie can picture a railroad,
a machine, or a structure. Long before The first spade of dirt is
removed oi- the first scrap of steel is cut. He possesses a vision
which enables him Logically step by step to create something. Xo
greater attribute can the organizer have than just this. Most or-
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ganizers or promoters, our business statistics show, have plenty
of vision, but only one in something like eight hundred has the
capacity for logical building.
It may appear from the preceding that the engineer seems
to possess every quality under the sun needed to place him in
the highest positions men may occupy. Actually, of course, this
is not true. It is not true that any class of men, as a class,
excell in all the qualities of leadership, but engineers acquire a
training which fits them at least for an important part in the
assumption of large responsibilities. But notwithstanding these
fundamental advantages in training, engineers seem to be lacking
in initiative, and in what the business man calls, "pep". The
engineer does not often have the knack of pushing, nor does lie
usually possess the ability to stand flat-footed before a body of
men and make himself heard in a manner which carries convic-
tion.
If the technical undergraduate could be made to realize that
courses in logic, economics, English, public speaking and related
subjects, are of a great or even greater importance to his future
welfare and progress as courses in mechanics and machine de-
sign, the record of the attainments of engineers would soon re-
flect the performance of a greater and broader service.
THE LITANY OF THE TRENCHES
Of two things one is certain: either you're mobilized or
you're not mobilized. If you're not mobilized, there's no need
to worry. If you are mobilized, of two things one is certain :
either you're behind the lines or you're on the front. If you're
behind the lines there is no need to worry ; if you 're on the
front, of two things one is certain: either you're resting in a
safe place or you're exposed to danger. If you're resting in a
safe place there is no need to worry ; if you're exposed to danger,
of two things one is certain: either you're wounded or you're
not wounded. If you're not wounded there is no need to worry;
if you are wounded, of two things one is certain: either yon 're
wounded seriously or you're wounded slightly. If you're
wounded slightly, there is no need to worry; if you're wounded
seriously, of two things one is certain : either you recover or you
die. If you recover there is no need to worry; if you die you
can't worry.
—Quoted in North American.
THE EVOLUTION OF THE BRIDGE BUILDER.
C. Weiss
Instructor in Structural Engineering.
The first bridge was a discovery, not an invention. Some
stray rocks projecting- above the water's surface, or an up-rooted
tree extendi tig from bank to bank formed the earliest highway
bridge.
Dr. Wadded, the noted bridge builder, in speaking about
the evolution of bridge engineering* traces its origin to "our
arboreal ancestors, who formed living chains of their own bodies,
holding to each other with arms, legs and tails, thus construct-
ing suspension bridges across the water from the overhanging
branches of opposite trees. Assuredly, the aged simian of those
bygone times who directed the construction and operation of
such a structure was a bridge engineer in the truest sense of
the word.'"
We are informed that their undeveloped descendants, the
monkeys of the South American forests, still hang to this kind
of a suspension bridge.** Their developed descendants, how-
ever, lost their tails and for a long time (from the destruction
of Rome until the twelfth century) lost also the art of building
bridges.
We find traces of early bridges in the form of stone piers in
Babylon and elsewhere, but we know nothing of their real build-
ers. In bibical times bridges seem to have been unknown.
Roman Bngin eers.
The first bridge engineers of whom we have definite knowl-
edge were the Romans, (iood bridges may have been built be-
fore—better ones perhaps—but their designers, who were, like
the aged simian, bridge engineers in the truest sense of the word,
did not advertise. They did not get into history's "Who's
Who", and nothing is known of them or their work. Not so
the Romans! Their history of bridges starts with the achieve-
ment of the "Pons Sublicius", (the "Pile Bridge", from
"pons", meaning bridge, and "sublicius", pile). This structure
•"Bridge Engineering," by J A. I.. Waddell, 1916.
" " Sn.li a monkey bridge was first mentioned by Antonio Ulloa, a Spanish ex-
plorer of the eighteenth century. Later naturalists have discredited his report. Brehm,
for instance, writes: "Ulloa has invented a pretty hridge for the poor monkeys who
cannot swim. It would give very good service indeed if the monkeys would only
use it."
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was built of timber and was proclaimed a sacred edifice. Now-
adays we should irreverently call it a wooden trestle.
1
«
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The Republic of Rome gave way to the Roman Empire when
the mighty Augustus ascended the throne. Be was an emperor;
luit more highly than the title "Imperator" he valued that of
"Pontifex Maximus", Chief-Engineer of Bridges, and therefore
this title was retained by him as well as by his successors. After
the fall of the great Roman Empire, Caesars, priests, gods and
temples, a new era began. The Christian Church was founded
and the Pope was placed at its head.
In order to add to the splendour of this exalted post, its
holder is addressed as Pontifex Maximus. Possibly because the
words sound well or because the name recalls the highest au-
thority in ancient Rome, or perhaps to designate the Pope as
intermediary between heaven and earth; at any rate, the head
of the Roman Church bears to this day the title •'Pontifex",
the bridge-builder.
The pontifices were true Romans ; not merely engineers,
but men of affairs; and as such they knew the value of advertis-
ing, and advertise they did. Roman history is full of them.
What relation, you ask, bear bridges to religion and priests
to engineers? Why was he such an important personage in an-
cient Rome, this same engineer who nowadays has to struggle so
hard to command due recognition from his fellow-men .'
The answer may be found in Mommsen's History of Rome,
lie describes the early functions of the pontifices as follows:
"The five 'bridge builders' (pontifices) derived their name
from their function, as sacred as it was politically important,
of conducting the building and demolition of the bridge over
the Tiber. They were the Roman engineers, who understood the
mystery of measures and numbers; whence there devolved upon
them also the duties of managing the calendar of the state, of
proclaiming to the people the time of new and full moon and
the days id' festivals, and of seeing that every religious and
i'\rvy judicial act took place on the right day. As they had thus
an especial supervision of all religious observances, it was to
them in case of need—on occasion of marriage, testament, or
adrogatio—that the preliminary question was addressed, whether
the matter proposed did not in any respect offend against divine
law; and it was they who fixed and promulgated the general
exoteric precepts of ritual, which were known under the name
of the 'royal laws'". Thus they acquired (although not prob-
ably to the full extent till after the abolition of the monarchy)
the general oversight of Roman worship and of whatever was
connected with it—and what was there that was not so eon-
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nected? They themselves described the sum of their knowledge
as "the science of things divine and human". In fact the rudi-
ments of spiritual and temporal jurisprudence as well as of
historical composition proceeded from this college. For the
writing of history was associated with the calendar and the hook
of annals; and, as from the organization of the Roman courts of
law, no tradition could originate in these courts themselves,
it was necessary that the knowledge of legal principle and pro-
cedure should be traditionally preserved in the college of the
pontifices, which alone was competent to give an opinion re-
specting courtdays and questions of religious law".
The Fratres Pontifices.
It is interesting to note that a similar caste of priest-engi-
neers existed in Athens, and that it was a religious order (the
Fig. 2
Bridge Over the Rhone at Avignon, France
It was built at the end of the 12th century by the
Freres Pontifes under direction of St. Benedict, a
twelve-year-old shepherd boy, who, according to the
legend, had been Divinely inspired. His remains were
placed in the chapel shown in the view and later
were removed by King Louis XIV in the course of
a quarrel over possession of the bridge. Of the origi-
nal twenty arches only four are standing.
freres pontifes) that revived the art of bridge building in the
middle ages. This order was founded in Southern France to-
ward the end of the 12th century.
Up to that time the only bridges in existence were those
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which had been erected by the Romans for strategic and com-
mercial purposes. Their builders were probably professional
engineers, military as well as civil, whose names have been for-
gotten. Their bridges are remembered with admiration and
praise— for the engi rs?—No, for the patrons, the emperors
and generals, who had the bridges built; for example Augustus'
bridge at Rimini, Trajan's bridge over the Danube, and Caesar's
bridge over the Rhine.
So well designed and built were these Roman structures, so
numerous, and located so advantageously, that the inhabitants
of Europe gave up the building of bridges altogether, and when
renewals and additions became necessary, there was no one able
to make them. People depended on fords with all their incon-
Fig. 3
Devil's Bridge, constructed in the
12th century, overhanging the river
Reuss, on the St. Gothard Pass,
in Switzerland. In 1830, the old
bridge was superseded by a new
one—20 feet farther up the stream.
venience and hazards, until the above named French monks in-
troduced and maintained ferries, and later replaced them by
bridges. Each of these medieval bridges was distinguished by
a chapel at either end or over the middle pier, in which ser-
vices were held and alms collected for the maintenance of the
structure.
In some instances they were toll bridges which proved to be
profitable enterprises. Guides of laymen were formed to build
and maintain them. These were "laymen" in every sense of
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the word. Their method of construction was to cut and try, and
if the structure failed they blamed it on supernatural influences,
a habit which was quite in keeping- with that superstitous epoch.
A peculiar legend was attached to many stone arches con-
structed by builders other than the monks. The guide in Long-
fellow's "Golden Legend'' relates it in describing such a bridge
over the Reuss in Switzerland
:
"Never any bridge but this
Could stand across the wild abyss
;
All the rest, of wood or stone,
By the Devil's hand were overthrown.
He toppled crags from the precipice
;
And whatsoe'er was built by day
In the night was swept away
;
None could stand but this alone.
"Abbot Giraldus of Einsiedel,
For pilgrims on their way to Rome,
Built this at last, with a single arch,
Under which, on its endless march,
Runs the river, white with foam.
Like a thread through the eye of a needle,
And the Devil promised to let it stand.
Under compact and condition
That the first living thing which crossed
Should be surrendered into his hand,
And be beyond, redemption lost.
"At length, the bridge being all completed,
The Abbot, standing at its head,
Threw across it a loaf of bread,
Which a hungry dog sprang after,
And the rocks re-echoed with the peals of laughter
To see the Devil thus defeated!"
Early Italian Engineers
Often the builders were skilled masons ; sometimes painters
and sculptors. Taddeo Gaddi, a great painter and architect of
the 14th century, designed and supervised the construction of
two bridges at Florence, one of which, the picturesque Ponte
Vecchio, is still in use. A painter of the 16th century, Georgio
Vasari, added a second deck to it, a foot passage between the
Uffizi and Pitti Palaces. Vasari in "Lives of the Most Eminent
Painters" writes:
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•And, because during the great flood of the year 1333, the
waters had swept away the parapets of the Ponte Rubaconte,
thrown down the Castle of Altafronte, Left oothing of the Ponte
Vecchio but the two piers in the middle, and completely ruined
the Ponte a S. Trinita except one pier that remained all shat-
Fig. 4
Ponte Vecchio Over the Ajrno at Florence, Italy
It was built in the 14th century by Taddeo Gaddi,
a painter. It is lined on both sides with jewelers'
and goldsmiths' shops and forms an almost continuous
street of ancient houses. Supported upon arches above
the bridge proper runs the "Gallery of the Grand
Duke", a covered passageway to connect the Uffiizi
and Pitti Palaces. The bridge is still in use.
tered, as well as half the Ponte alia Carraia, bursting also the
weir id' Ognissanti, those who then ruled the city determined
no Longer to allow the dwellers on the other side of the Arno
to have to return to their homes with so great inconvenience as
was caused by their having to cross in boats. Wherefore, having
sent for Taddeo Gaddi, for the reason that Giotto his master had
-one to Milan, they caused him to make the model and design
of the Ponte Vecchio, giving him instructions that he should have
it brought to completion as strong and as beautiful as might he
possible; and he. sparing neither cost nor labour, made it with
such strength in the piers and with such magnificence in the
arches, all of stone squared with the chisel, that it supports to-
day twenty-two shops on either side, which make in all forty-
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four, with great profit to the Commune, which drew from them
eight hundred florins yearly in rents."
This bridge inspired Longfellow to a poem of which he him-
self wrote an Italian version. Longfellow realized the romance
of bridge building. Another Swiss bridge is treated in the
"Golden Legend", and the poem "The Bridge" ("I stood on
the bridge at midnight",) is said to have been inspired by a
bridge over the Charles River at Boston. It is Longfellow who
invokes
"God's blessing on the architects who built
The bridges o'er swift rivers and abysses,
Before impassable to human feet."
As the masonry arch was the only type of permanent con-
struction, its execution fell naturally to the architect. With the
introduction at the end of the 18th century of iron as a build-
ing material, and with the advent of the railroad, bridge build-
ing evolved gradually from an art into a science.
The Modern Bridge Builder
The modern bridge builder, however, is not only a scientist.
To be successful lie must combine all the qualities of his fore-
runners: the ingenuity of primitive man, the prophetic vision
of the seer, the daring and skill of the Roman engineer ; the com-
mon sense of the practical builder, and the imagination of the
artist. These characteristics, combined with the "dare-to-at-
tempt" spirit of modern man. constitute the make-up of the
successful bridge engineer.
RADIO TELEGRAPHY.
Glenn Koehler, E E. '18.
Ever since the celebrated researches of Hertz in 1887, a
new science lias been developing- which has within recent years
proven its value to the practical as well as to the scientific world.
The science and development of radio or wireless telegraphy, as
it is more commonly known, has been a wonder to most people.
However, the principles involved are quite simple and can be
easily understood by anyone who has a knowledge of the funda-
mentals of the electric circuit. Radio telegraphy depends upon
the fact that electric waves which are similar to light and heat
waves can be produced and will travel through the ether as a
medium. It is the purpose of this article first to show how
electric waves are produced and second to give in a brief way the
application of them to radio telegraphy with some of the later
developments.
If a Leyden jar condenser or any other type is connected
to some source of high potential the condenser will receive a
charge given by the formula Q=CE, where Q is the charge in
coulombs per second, C is the capacity in farads, and E is the
potential of the charging source in volts. Then if the condenser
is connected to a spark gap as shown in Fig. 1, a spark will oc-
cur at F,-F 2 when the voltage of the condenser becomes high
enough to break down the dielectric strength of the air gap.
The space between F
x
-F2 becomes conductive and a current
flows in the circuit as indicated bv the arrow. This current does
ym-—
F,6 High
k) PotentialW AC.
-w-
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not flow always in the same direction but is an oscillating cur-
rent, that is, it flows first in one direction and then in the other,
or it changes direction periodically.
Analogous to such a current is the motion of a spring which
is stretched and caused to vibrate, as shown in Fig. 2. For a
given spring the oscillations set up will occur at definite periods.
80
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and the amplitude of each oscillation will be fixed by the stretch-
ing force applied to the spring. In this case the rate of vibration
depends directly on the stiffness of the spring and the mass of
the vibrating material. In a similar way the rate of vibration
or number of oscillations per second in the electric circuit de-
pends on the capacity of the condenser and the inductance of
the circuit. Hence a condenser similar to the spring acts as a
medium for oscillations.
An oscillation set up in such a circuit as the one shown in
Pig. 1 follows the law, T = 2ir\/LC, where T is the period or
time of one complete oscillation in seconds, L is the inductance
of the circuit in henrys, and C is the capacity in the circuit in
farads. The alternating or oscillating current set up in the cir-
cuit produces an alternating magnetic field about each con-
ductor. The entire phenomena, the oscillating current with its
alternating magnetic field, is called an electromagnetic oscilla-
tion. Electromagnetic oscillations occuring in a conductor
which is suspended in space transfer energy into the ether in
the form of electromagnetic waves, called hertzian waves after
the man who discovered them.
In 1887 Hertz set up an apparatus similar to the one shown
in Fig. 3, in order to show that an electric wave existed. He
found that when a spark occurred at a, with the loop cbd of his
detector so adjusted that it was in resonance with the radiator
AB, a very minute spark also occurred at a! . He also showed
that electric waves could be refracted through prisms made of
-UAs-
resin or pitch, and that they could be polarized and reflected.
The most important thing which he discovered from his radi-
ator and detector was that if two circuits were timed to reson-
ance as the one shown in Fig. 3, the oscillations set up in the
detector circuit must come from those in the radiator circuit
through the ether as a medium and from the electric Avaves set
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up by the oscillator or radiator. These waves were found to
follow the same 1 Law as light waves or,
"> \ K)" 1 era. per sec.
N Vb W —
,
2 L cm.
where X is the frequency of the oscillation, V h is the velocity
and W is the Length of wave. The only difference between elec-
tric waves and Light waves was found to be that of wave length.
Hertz's method of producing electric waves was not very
efficient and could be used for sending signals only a few feet.
However, Marconi, having taken up the work of Hertz, hap-
pened to ground one side of the Hertz oscillator and found that
the range of the radiator was increased wonderfully, the reason
being that the earth was a better medium for the electric waves
than another layer of ether. He also went a step farther and
constructed an antenna, that is a wire from one side of the oscil-
lator to some point several feet higher. This added capacity to
the oscillator and greatly increased the range of the waves.
Other developments were made until a very efficient sending ap-
paratus as shown in Pig. 4 was developed. In this figure I. ('.
is an induction coil or a step up transformer which is the source
^_ fC. * „J>
F/g.4-
of high potential. C is a condenser, and S is a spark gap. In
such a circuit the oscillating circuit is the path abed, and since
the antenna acts as a condenser or capacity to the ground an
oscillating current will he set up in the antenna circuit. This
oscillating circuit in the antenna will produce an alternating
magnetic field about each of the antenna conductors. This alter-
cating magnetic field as stated before will produce electromag-
uetic waves which will pass off in the ether. Hence if an ordin-
ary Morse key is used to break the current in the low potential
side of the coil !.('.. a system of dots ami dashes can be used to
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carry on communication with some station at a distance several
miles away.
Such an arrangement of apparatus as shown in Fig. 4 pro-
duces what is known as damped oscillations. That is, the cur-
rent in the oscillating circuit if plotted against time forms a
curve similar to the one shown in Fig. 5a. This figure shows
that the current gradually dies out in time, due to the energy
lost in heating the conductor in the circuit. Any method which
will give oscillations as shown in Fig. 5b is called the undamped
method of producing signals. It has been found in more recent
Fig. 5a Fig. 5 b
years that undamped oscillations produce waves which will
radiate farther than the damped waves. The method of pro-
ducing undamped waves is a little more complicated and will be
explained later.
In order to cover any great distance with the radio tele-
graph it is necessary to have a sensitive means of detecting the
electric waves. Hertz's detector can be used only for very short
distances, hence the need of a more sensitive detector was soon
felt by the earlier experimenters. The coherer which was dis-
covered by Lodge can be used for detecting damped electric
waves. The coherer depends upon the principle that when
metallic fillings such as nickel and silver are lying loosely between
V/7
a
Fie 6.
two metallic plugs in a glass tube their resistance is greatly re-
duced when a train of waves from a sending station passes
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through the filings. If a circuit is arranged as shown in Fig. (>,
the reduction in resistance will allow current to flow in the lot-
tery circuit. This current in the battery circuit operates a re-
lay Iv which in turn causes a sounder S to operate. Upon this
sounder the signals are read. The coherer needs some means of
restoring it to its original condition after each signal has passed.
This is done by tapping it, or decoherering it as it is called, at
the end of each signal. The tapping is done automatically.
lint the coherer is not a very sensitive detector of wireless
waves, hence a great deal of research has been done along this
line. The two better types of detectors which were discovered
are the crystal detector and the audion detector. If some crystal.
galena or silicon, is to be used as a detector of electric waves it
is placed in the circuit as shown in Fig. 7. 1) is the detector.
Fig. 8
The arrow represents fine wire contact if galena is used or a
pointed brass contact if silicon is used. Such a detector acts as
;i rectifier to high frequency alternating currents,—that is. the
oscillating current brought into the circuit from the terminals
ah will flow through the detector in one direction only as in-
dicated by the arrow. When the oscillation is of the kind shown
in Fig. 5a, a damped oscillation, only the rectified portion of
the current in Fig. S will pass through the telephone receivers R
in big. 7 and only i of the rectified oscillation will produce any
effect upon the diaphragm of the receiver. This means that a
pulsating direct current passes through the receivers which
causes the diaphragm of the receivers to vibrate at the same fre-
quency ;is that of the transformer or induction coil of the send-
ing station, and not the frequency of the oscillation.
In order to he able to receive messages from one station and
not from another, some method of putting the receiving station
in tune with the sending station is necessary. This is accom-
plished with a coil of wire T in Fig. 7. called a tuning coil. The
two terminals a and /' are made to slide over a cylinder of in-
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sulated copper wire in order to vary the number of turns of
wire between the two terminals. This particular method of tun-
ing- is known as the close coupled tuning- method. A better tuner,
which is now used almost exclusively, and is known as the loose
coupled tuner, consists of two coils of wire one of which slides
inside the other. These two coils may be wound with the same
size or with different sizes of wire, depending largely upon the
nature of the station in which it is used. When such a loose
coupled tuner is used, the connections are made according to the
diagram of Fig. 9. Closer tuning can be done with a loose
To Pecemny
Instramants
Fjg. 9 Fig. 10
coupled tuner and also atmospheric disturbances can be elimin-
ated to a great extent. The variable condenser in the ground
circuit may be used and will give better results in tuning. Since
tuning is the sole means of being able to hear just one station
when dozens of others are operating at the same time, much re-
search has been made along this line and there is still room for
more development, the ideal tuner being one that will pick up
one station when thousands of others are operating. Therefore
tuning is accomplished by changing the wave lengths of both
receiving and sending station until they are the same. This
means that there must be some means of tuning at the sending
station which in principle is similar to that of the receiving sta-
tion.
Perhaps the greatest discovery that has been made in the
wireless field is the valve detector by Prof. Fleming. This con-
sists of two elements, a filament F and a plate P placed in a
vacuum bulb as shown in Fig. 10. When the filament is made
to glow from the battery B, a current in the telephone receiver
circuit T will flow in such a direction that a negative charge
flows from the filament to the plate P. Then when a train of
waves is brought in from the terminals A and B the detector will
act as a valve permitting current to pass through the receiver
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circuit in the direction of the aegative charge. Hence this form
of detector acts much like the crystal detector but is much more
sensitive and efficient.
Prof. Fleming's type of vacuum valve has been modified by
De Forest, who placed three elements in the bulb instead of two.
The third element consists of a grid shaped wire placed opposite
the plate or wing. The principles of this detector are essentially
the same as of the Fleming type. The connections for such a
detector are as shown in Fisr. 11. With this modified form of
-wyv
Fte. 11 Fig. It
detector a second battery of from 30 to 50 volts is needed in the
telephone receiver circuit. One of the advantages of such a de-
tector over the old crystal detector is that it can be connected in
the circuit in such a manner that undamped as well as damped
oscillations can be received.
Undamped waves are produced from oscillations in which
the current is not damped out in the series of oscillations but the
current reaches the same maximum value with each oscillation.
Such an oscillation may occur in a circuit which contains no res-
istance. Fig. 5b represents such a current plotted against time.
Since it is impossible to have a circuit without resistance, there
must be some other means of producing an oscillation of this
character. There are two general methods of producing oscil-
lations of this type, the high frequency alternator method and
the electric arc method.
When a bow is drawn across the string of a violin the string
is set in motion but as soon as the how is removed the motion of
the string quickly dies out. Now if a continuous bow were
drawn over the string, the string would continue to vibrate. The
same holds true of an electric circuit such as shown in Fig. 1:2.
The arc is started and maintained, and the current in the paral-
lel circuit which contains capacity and inductance oscillates
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with constant amplitude. The antenna which is coupled loosely
to the oscillating circuit will radiate waves of an undamped
character. In order to signal with such an apparatus it is neces-
sary to short circuit some of the turns in the coil L-s, which
changes the wave length of the waves emitted.
The type of arc shown in Fig. 12 is known as the Duddell
singing arc, from the fact that the arc produces a very high
pitch tone. The type of arc that is used in actual practice is the
Poulsen arc. It is essentially the same as the Duddell arc ex-
cept that one of the electrodes is carbon and the other copper,
and both are placed in a hydrogen chamber which greatly in-
creases the arc capacity. A magnetic blow-out and a means of
cooling the arc are also used. These last two improvements are
essential to prevent the energy from being dissapated in the arc
itself.
Damped oscillations can be produced which approach the
character of undamped oscillations. There are two general
methods by which these oscillations can be produced, the rotary
spark gap method and the quenched spark method. If a rotary
spark gap is substituted for the ordinary stationary gap. less
energy will be lost in the gap itself. Such a gap is illustrated
in Fig. 13. This type of gap gives a musical tone to the spark
Fig. 13
which is not so high pitched as the tone obtained by the arc, hut
it is much more pleasing to the ear than the tone emitted by the
stationary gap. Since there is less loss of energy in the oscillat-
ing circuit, tkere will be less damping and therefore the wave
emitted will be more distinct. Such a gap is placed in the cir-
cuit as shown in Fig. 14. In ordinary practice the gap is run
at such speed as will give a frequency of about 500 sparks per
second.
The quenched spark has advantages similar to the rotary
gap except that the wave is still purer and the tone a little higher.
It consists of a number of brass or copper plates separated by
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mica rings. These plates are buill up according to the number
desired, depending upon the size of the station. Hence instead
of having just one gap for the spark there are several gaps in
series and of much shorter Length. The gap is usually cooled by
some method of passing cooling water around it. This type of
gap Likewise permits of less loss of energy in the gap itself.
As has been mentioned the ordinary detector cannot render
undamped oscillations audible in the telephone receiver. When
such oscillations are passed through the detector circuit they
produce only a click in the receiver when the first oscillation
passes and another click when the last oscillation passes. Un-
less they are chopped by means of an instrument called a ticker,
which periodically makes and breaks the receiver circuit, they
cannot be used for signalling. Tickers are rather troublesome
to operate because they involve some means of driving them
which usually makes (pate a lot of noise in the operating room.
.Mr. Armstrong of Columbia University has shown that an auct-
ion detector can be used to produce local oscillations. Hence
the audion was resorted to for detecting undamped waves. If
two oscillations of different frequencies are occuring in the same
circuit, interference between the two will take place and at times
the resulting oscillation will be of a greater amplitude than eith-
er of the two. while at other times they will completely annul
one another. Then when an audion detector is used for this
purpose as in the circuit of Pig. 14. beat tones will be produced
in the receivers. The analogy of beat tones is the effect pro-
duced by two violin strings of slightly different frequencies vi-
brating at the same instant. If we could hear the beat tones
alone without hearing the natural tones of the strings, we would
have some idea of the vibrations of the telephone receiver.
Since two systems of wireless telegraphy, the spark or
damped wave system and the arc or the undamped wave system,
are used at present, it might be well to compare the two. Un-
damped waves permit of sharper tuning, radiate farther at the
same expense of energy and are less affected by atmospheric dis-
turbances known as static, than are damped waves. Damped
waves require a less expensive generator, a less complicated re-
ceiver and can be operated at much shorter wave lengths than
the undamped waves. The tendancy at present is toward un-
damped wave systems.
In order that a wireless station may operate well there must
be a good aerial and a good ground connection. There are sev-
eral types of aerials used. The general classes are:
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1. The vertical type
2. The horizontal type
3. the slanting type.
The umbrella type of aerial has several merits, one being that
it is not directive. The fan shaped type is used mostly for short
wave lengths and was very popular with the wireless amateur.
There are still other modified forms of these general types. Some
of these are more directive than others; i. e., they cause the radi-
ation to go better in one direction than in another.
Atmospheric disturbances are troublesome to wireless tel-
egraphy. They affect the range of the radiation and the ease of
reading the signals in the telephone receiver. They are much
more noticeable in summer than in winter and more noticeable
in the daytime than at night. As yet no means has been devised
whereby they can be eliminated entirely. Atmospheric disturb-
ances may be eliminated to some extent in the telephone receiver
at the expense of affecting the strength of the signal being read.
Undamped waves which seem to be less affected than the damped
waves by these kind of disturbances are perhaps the best solu-
tion that has as yet been discovered. The ultimate solution will
perhaps be some sort of a receiver that will vibrate at its nat-
ural period and can be adjusted for different natural periods
corresponding to the frequency of the oscillation being received.
Tlie diagram shown in Fig. 14 will give the reader of this
brief article on radio telegraphy some idea as to how the com-
plete connection for a station is made. The connection illus-
trated in this figure is for a station which will send out damped
Kks
Fig J4
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waves and receive cither damped or undamped waves. A key
to the different apparatus used is given below.
K telegraph key C2 = Variable condenser
R= relay key L.C. = loose coupled tuner
T = step-up transformer C 3 = variable condenser
R.G. — rotary spark gap C 4 = small fixed condenser
0, = high voltage condenser A.I). = audion detector
<>.T. = oscillation transformer B = low voltage battery
or tune]' II. B. = high voltage battery
A = antenna G = ground Res. = resistance
A.G. = anchor gap Tel. = telephone receivers
('- = fixed condenser
Conclusions
Wireless telegraphy probably has been most useful to man-
kind as a means of communication between ships at s:'a or a ship
at sea and the shore. For transoceanic communication it has also
proven its worth. A wireless station that is capable of carrying
on communication across the Atlantic is very much less expen-
sive to install than the cost of a submarine cable. However, be-
fore it will replace the wire telegraph many improvements in
the way of tuning will have to be made. It is the writer's belief
that the wireless telephone will be as useful and satisfactory for
carrying on communication between stations on the land in the
future as the present telephone. There is also a belief among
all radio engineers that wireless waves can be made to carry
energy as well as signals and that the day is not far distant
when we will have wireless transmission of energy.
THE SALT OF LIFE
Fate doesn't take our order, but serves a table d'hote.
And each of us must eat it like a man.
The salt of life is humor; without it all is flat
—
The wise chap puts a pinch in where he can.
—Thi Timt s of Cuba.
AX ENGINEER'S OCCUPATION
is largely to deal with trouble, either directly, to overcome it, or
by due preparation, to avoid it, as this country should have done
regarding war.
Noah was six hundred years old before he learned to build
an ark. Don 't lose your grip.
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THE BIG MEN
The big men dare, and the big men do,
They dream great dreams, which they make come true;
They bridge the rivers and link the plains,
Ami gird the land with the railway trains;
They make the desert break forth in bloom,
They send the cataract through a flume
To turn the wheels of a thousand mills,
And tiring the coin to a nation's tills.
The big men work, and the big men plan,
And, helping themselves, help their fellow-man.
And the cheap men yelp at their carriage wheels,
As the small dogs bark at the big dogs' heels.
The big men sow while the cheap men sleep,
Ami when they go to their fields to reap,
The cheap men cry, "We must have a share
Of all the grain that they harvest there!
These men are pirates who sow and reap.
And plan and build while we are asleep!
We'll legislate till they lose their hair!
We'll pass new laws that will strip them bare!
We'll tax them right and we'll tax them left,
Till of their plunder they are bereft;
We'll show these men that we all despise
Their skid, their courage and enterprise!"
So the small men yap at the big men's heels,
The fake reformer with uplift spiels;
The four-eyed dreamers with theories tine.
Which bring them maybe three cents a line;
The tin horn grafters who always yearn
To collar coin that they do not earn.
And the big men sigh as they go their way
;
They'll balk at the whole blamed thing some day'
— Walt Mason.
ELECTRICALLY CONTROLLED STEAM IN THE AUTO-
MOTIVE FIELD
M. J. Eammers, M.E., '98
Seen tarif-Treasitrcr of the Doble-Detroit Steam Car Company
Some twenty years ago, steam automobiles were extensively
manufactured by the Locomobile Company, the Mobile Company
and tlie Stanley Company, and then a few years later by the
White Company. These steam cars had the recognized advant-
ages of extreme flexibility, wonderful hill climbing qualities,
absence from clutches and freedom from gear shifting. Later the
gasoline engine was developed to such a point that it was more
reliable and more flexible than it had previously been, but, even
in the present stage of gasoline engine development, these engines
and the automobiles containing them lack the flexibility and hill
climbing quality which the steam car always possessed as recog-
nized advantages; and they have clutches and gears which must
be worked by the operator in starting, stopping and changing
speeds. Though the gasoline engine never did and does not now
possess these advantages relative to the steam car, it has almost
entirely superceded the steam car. The Mobile Company went
out of business, the Locomobile and White Companies changed
over to gasoline cars, and while the Stanley Company is manu-
facturing some steam cars, it has a very limited output, and, up
to the appearance of the Doble car, the steam car was commonly
recognized to be a thing of the past, in spite of the fact that the
gasoline car had never been developed to a point where it had the
steam ear advantages. Work, has been done along the line of
modifying the gasoline car, so as to obtain some of the steam car
advantages, as, for instance, in the development of a car, that
involves the use not only of a gasoline engine, but also of an elec-
tric generator and an electric motor as a part of the power plant
;
its introduction, however, emphasizes the recognized need for
some car which will have the advantages of the gasoline car and
also the advantages inherent in a steam car.
The gasoline car had the advantages of ease, convenience,
and quickness in starting and freedom from the use of pilot
Lamps, which were essential in the steam car, and comparative
ease in keeping in repair and running condition. The steam car
went out of use because it did not have these advantages, which
from the standpoint of the general public as operators of cars,
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were considered to be of prime importance as compared with the
advantages inherent in the use of the steam car. It has long
been universally recognized that a car that would have the ad-
vantages of the steam car and also the advantages of the gasoline
car would be a very great advance in the art from every point of
view. But nobody made that advance prior to Abner Doble's
time.
Aimer Doble has now produced a steam car which possesses
all of the advantages of flexibility, hill climbing qualities and
freedom from clutches and gear shifting, and in addition, pos-
sesses the ability to be started from the cold with the same speed,
ease and convenience that the gasoline motor is started, the abil-
ity automatically to regulate itself with certainty and the ability
safely to burn a heavy hydro-carbon oil as a fuel. It is economical
not only with reference to the kind and quantity of fuel used,
but also with reference to the water, the system being a con-
densing system, which means economy in water (with infrequent
replenishings ) and also freedom from exhaust steam discharge.
Therefore, as in the development of the gasoline car, elec-
tricity plays the same vitally important part in the steam car.
It ignites raw kerosene and starts the car on the pressure of a
button on the steering column. By the accomplishment of ignit-
ing and burning kerosene or even lower grade oil bv an electric
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spark, the necessity of the pilot Light, which has been essential
in the past, has been done away with, due to the fact that the
kerosene is ignited in an atomized condition and is not vaporized.
Tlie description of the Doble ear may be divided under three
headings
:
The steam Generator.
The Fuel and Combustion System.
The Engine.
The Steam Generator
The generator in point of construction is based on the water-
tube type, and carries a water level in the evaporating zone.
It consists of 2(i identical sections, placed in an insulated
easing. Each section consists of two horizontal headers connected
by sixteen vertical tubes. They are made entirely of cold drawn
seamless steel tubing of about one-half inch diameter. The verti-
cal tubes are swaged at either end to about three-eights of an
inch, and are welded to the headers by the autogenous acetylene
process, thereby making the section in effect one piece of steel
and actually stronger at the welded joints than the tubing itself.
Six of the sections are used as the economizer, and the re-
maining twenty for the actual generation of steam. The gener-
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ator sections are completely encased, except at the bottom, by a
three-quarter inch wall of Kieselguhr heat insulating material,
and a planished iron jacket. Kieselguhr brick is a remarkably
effective non-conductor of heat, and considerably increases the
efficiency of the generator.
The combustion chamber is directly beneath the steam gen-
erating sections, while the exhaust for burned gases is below the
economizer sections.
The intake water manifold delivers water simultaneously
to the economizer sections through their lower headers, the
water being forced in by a crank-driven plunger pump. When
the economizer sections are completely filled, the water overflows
from the upper headers into a manifold, which delivers it simul-
taneously to the lower headers of the evaporating sections.
Here the water level is maintained about half way up the
generator by means of a by-pass valve, so arranged that when
the regulator tube is filled with steam and consequently hot,
the by-pass valve is closed by the expansion of this tube, forcing
the water from the pumps to lift the check valve and enter the
generator.
As the water level rises, the regulator tube is filled with
water from an exposed pipe. This water, not being in circulation
in the generator, is quite cool, so that the relatively large change
in temperature causes the regulator tube to contract, there-
by opening the by-pass valve and allowing the water to return
to the supply tank.
In the operation of a steam car, it is important that the
driver should known of the condition of the water supply in the
generator.
In some of the former steam cars, a system of showing the
water level by means of an indirect water gauge, has been used,
the height of the water being indicated approximately by the
effect of head entering the water gauge tube, in proportion to
the level at which the water stands in the boiler. This is only
approximate at best and is unreliable in operation. In fact, we
believe it is worse than no water gauge, inasmuch as it will, under
certain conditions, indicate that there is water in the boiler when,
as a matter of fact, there is none.
We, of course, realize that a knowledge as to the level of the
Water in the boiler is desirable, but mechanical difficulties are
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such that it docs not seem feasible to us, at this time, to have a
direct reading water gauge.
We do provide, however, a thermometer, reading on a dial
similar to that of a steam pressure gauge. One of the hands of
this thermometer indicates the temperature of the steam after
it has passed the throttle valve and with the standard boiler
pressure of six hundred pounds, such as we carry, a temperature
beyond the throttle valve of less than six hundred degrees would
indicate that the boiler is too full.
A condition of this kind can readily be detected also by the
average operator in the rather sluggish way that the ear would
perform.
When the water level is about normal, the temperature would
be indicated between 650 and 750 degrees.
The indication of the low water level is of more interest to
the driver than the high point of water level.
For this purpose, a hand is provided on the thermometer
dial to indicate the temperature of the water in the bottom of
a special section of the generator. This section corresponds with
the standard sections of the generator with the exception that
it extends downward from the top to a distance within about
three inches of the bottom of the regular sections, so that in case
the water should run low, this shorter section would be entirely
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empty, while three inches of water would still remain in all of
the other sections of the generator.
The temperature of water corresponding to steam pressure
of 600 pounds is approximately 485 degrees, so that if the special,
shorter section referred to should become dry, the indicator hand
operated by the thermometer in that section would immediately
swing to a point ranging from 700 to 1000 degrees.
I nl case the fire should turn off at any time, the driver
would know instantly by looking at the thermometer indicators
whether or not a condition of low water prevailed.
This method of indicating the maximum and minimum con-
dition as regards the water level is much more positive even than
a directly connected water gauge, such as is used in the low sta-
tionery boiler balance. In the case of such construction, the
temporary stoppage of one of the openings of the boiler, due to
scale forming ingredients or sludge, will cause the water gauge
to read incorrectly.
The economizer sections are partially shut off from the re-
mainder of the generator by a bridge-wall of Kieselguhr brick,
which is virtually an extension of the rear wall of the combustion
chamber, and extends about three-fourths of the height of the
generator.
The hot gases rise from the combustion chamber, giving up
their heat to the closely grouped vertical tubes, pass over the
bridge wall, and a large number of their remaining heat units
are absorbed by the relatively cool water flowing slowly up
through the economizer sections.
From the foregoing description, it should be noted that the
Doble-Detroit generator possesses the most distinctive advantages
of both the fire-tube and flash boilers.
The excellent heat transference conditions, and the large
reserve of water heated to the steam temperature, are true of the
former. The progressive flow7 of the water counter to that of the
gases, with no circulatory flow, and the all steel construction
with its consequent immunity from leaks due to low water,
duplicate the most desirable features of the flash type.
The normal steam pressure in the generator, while power
is being used, is 600 pounds, which means a terrific acceleration
with the opening of the throttle. Pressure is maintained at this
point by an automatic device which cuts off or renews the fuel
supply according to the variation of the pressure from normal.
Every section of the generator is tested to withstand an
98 Tiik Teohnograph fanuary, 1918
hydraulic pressure of 5000 pouuds, and the actual bursting point
is over 8000 pounds.
To prevent any possibility of an accident t> the generator
Filler Cap for Water,
Oil, and Alcohol
Motor and Fan .
Throttle Valve h
Reverse Pedal and
"
cut-off Control
Hand Brake
Ignition and
Lighting Switch
Storage Battery
Cylinders
Crank Case and
Differential Housing
Brake Cooling
Flanges
Condenser
Kerosene Tank
tubing, a safety valve is also attached, which operates if the
steam pressure reaches 1000 pounds.
The live steam is led from the upper headers of the generator
into a manifold, passes through the throttle valve, and down to
the steam chest of the engine.
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The throttle valve is a combination of a poppet and piston
valve, so arranged that the poppet valve portion serves to keep
the throttle tight (i. e., in a non-leaking condition), while the
piston valve portion regulates the amount of steam which passes
to the engine. The seats are made of a non-rusting alloy of great
toughness and durability, which, due to the additional fact that
the velocity of the steam passing the poppet valve seat is never
high, will run continuously without attention.
A small steam turbine mounted on the front of the insulated
generator casing, operates on the exhaust steam from the engine
and drives a fan directly behind the radiator or condenser.
The speed of the turbine is approximately 1500 revolutions
per minute when the car is being driven at 25 to 30 miles per
hour.
The increased efficiency in condensation due to the use of the
turbine driven fan has proven a greatly increased mileage on
one filling of the water tank so that under ordinary conditions
of operation, we can get a maximum mileage of something over
2,000 miles, on 25 gallon tank of water, and under the worst
conditions a mileage of several hundred miles.
This is accomplished due to the fact that the turbine is
driven at a high rate of speed even though the car is moving slow-
ly with the engine working at a considerable percentage, below its
maximum capacity.
The water condensation enters the water tank very near the
bottom, so that any steam that might find its way to the tank,
is at once condensed in bubbling up through the water. This will
occur only when accelerating rapidly from a slow speed or pull-
ing slowly on a heavy road.
If the unfavorable condition of slow, heavy pulling contin-
ues for some time, a small part of the steam will remain mi-
condensed. To guard against any accumulation of such steam a
vent is provided in the top of the water tank.
This system of' condensation is so effective that a Doble-
Detroit car will run several hundred miles on one filling of water.
The feature of introducing a thin cylinder oil into the feed
water of the generator has produced the most satisfactory re-
sults.
In a steam motor car little lubrication is required, as the
piston is low at ordinary driving speeds and the cylinder sur-
face is cast iron, which is easy to lubricate.
The action of the thin oil is all that could be desired. It
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immediately goes into an intimate mixture with the water, due
1o the violent agitation and intimate contact. Agitation in the
water tank is caused both by the motion of the car and by the
fact that the return pipe from the base of the radiator enters
the water tank very near the bottom. This also causes the water
in the tank to act as a very effective supplementary condenser.
The oil is accordingly regularly pumped into the boiler along:
with the water, and far from having a deleterious effect, really
performs its most valuable functions in that part of the power
plant. The oil is very thin at 485 deg. fahr., the approximate
steam temperature at 600 pounds pressure, and the coating of
oil. which forms over the entire inner surface of the boiler, is
consequently so thin as to have a negligible effect upon the heat-
transferrence condition, and does not materially increase the
liability of burning the heating surface.
As scale cannot adhere to a surface coated with oil, the in-
terior of the boiler remains entirely free from incrustations
of scale matter and is likewise quite thoroughly protected from
corrosion. The second function of the oil is to coat each particle
of scale-forming material as it is thrown out of solution, thus
preventing one particle from sticking to another in such a way
as to form a body of sufficient size to clog some restricted passage.
No large amount of scale-forming material is introduced into
the system since but little make-up water is required, and all
that remains in suspension until it reaches the water tank. The
violent ebullition and constant flow of the medium toward the
steam outlet causes the minute particles of scale to be carried
along with the steam, so that the boiler and radiator are both
kept free from deposits. The scale material finally reaches the
water tank, where it either remains or continues to circulate
through the system, without any apparent deleterious effect.
Careful examination of the boiler and radiator of a car
driven over forty thousand miles has proven that they were
as clean or cleaner than when the car was built. We do not
believe that there could be a more adequate proof of the entire
effectiveness of the system. Lastly, the oil performs its normal
function, being carried along with the steam in the form of
minute globules, thus lubricating the throttle valve, cylinder
walls and inlet valves.
The condensing system, previously described, saves the oil
along' with water, and as the oil is never exposed to a destructive-
ly high temperature, none is lost due to heat.
Lastly, there is no contamination of the oil, by gasoline,
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carbon, or road dust, ;is in an internal combustion motor.
'Idic result of tin- foregoing conditions is that a Doble-Detroft
Steam Car will use only one gallon of oil in running several
thousand miles.
For the same reason, the oil can he added to the water and
kept in circulation, alcohol may he added in winter to prevent
freezing, just as in the cooling system of a gas car.
Even if a freeze-up should occur through carelessness, no
damage can he done by it to the generator, as tin' steel tubing
will expand without bursting.
The Fuel and Combustion System
The combustion system evolved by Mr. Doble is a long step
in advance of any system ever used on any previous steam motor
car, and effectively eliminates the objectionable features, which
were formerly the dispair of steam-car drivers.
Kerosene is used both for starting and running; the burner
is electrically ignited ; every trace of flatfie is completely enclosed
in the combustion chamber; there is no pilot light; combustion
is so complete that no soot is ever deposited on the generator
tubing; sufficient steam for running may be generated from
perfectly cold water in about a minute.
Kerosene is made to flow to a float chamber by an air
pressure of about three pounds. The float chamber is of the
standard carburetor type, and feeds the kerosene to a spray
nozzle. This nozzle projects into a venturi tube leading to the
combustion chamber.
Air, drawn through the radiator by a small electrically driv-
en multivane blower, passes the spray nozzle with a sufficient
velocity to draw out the kerosene and atomize it. This velocity
immediately decreases due to the widening of the venturi tube,
and the fuel mixture is ignited by an electric spark. As soon as the
burner is lighted the spark ceases automatically. The combus-
tion takes place in a chamber made of a special refractory ma-
terial, which attains a very high temperature, and positively in-
sures complete combustion by heating the gases before they burn,
and by its very effective catalytic action.
The hot gases rise, giving up their maximum heat to the
evaporating sections of the generator, pass over the bridge wall
and down past the tubes of the economizer, where the remaining
lieat units are abstracted.
To stop the combustion, it is only necessary to switch off the
electric current from the motor-blower. As noted before, this
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is done automatically by a regulator set to operate at a pre-
determined steam pressure, or by the operation of a hand switch.
The quickness with which steam may be generated requires
a word of explanation. It is due in part to the high temperature
attained in the combustion chamber and to the unusually large
heating surface of the generator tubing (one hundred and
twenty-eight square feet) ; but most of the time saved in the
starting as compared to other steam cars, is due to the elimination
of the time formerly required for heating the vaporizer prepara-
tory to lighting the main burner.
The Doble- Detroit Engine
The engine is exceedingly simple and contains but eleven
moving parts. The dimensions of all the working parts are
ample to insure uninterrupted service under maximum condi-
tions of load.
It is a two-cylinder, single expansion, double action engine.
The uni-flow principle is employed in order to provide the high
expansion desirable, with the noiseless valve gear and only cue
valve per cylinder. The valve takes care of the steam inhi,
while the exhaust passes out through ports uncovered by the
piston at the end of the stroke. It is thus possible to secure cut
off at 5 per cent of the stroke, if desired .
The slide valves are on top of the cylinders, and are each
made in two pieces so that they can lift in slow running, \vh -n-
ever the compression exceeds the steam-chest pressure. This
makes a smooth running engine at all speeds, and also allows a
high compression at higher speeds and steam-chest pressures.
The valves are actuated by a' specially designed valve gear,
which dispenses with the need for eccentrics, thus making a one
piece crank shaft possible. This gear gives an excellent steam
distribution, and also reverses the engine without additional
devices.
The Doble-Detroit Valve Gear is a simplified form of the
Joy Valve Gear, and eliminates the correcting and anchor links
employed in the latter. The rocker guide in the Doble-Detroit
is straight instead of curved.
To sum up: The Advantages of a Perfected Steam Power
Plant in a Motor Car are
:
1. Torque range of 100 per cent with a maximum torque
available at zero speed; change-gear mechanisms and clutch
therefore unnecessary. Mean effective pressure (and equivalent
drawbar pull) always under control of the operator; variable
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by throttle from zero to maximum, a maximum limited only by
the resistance between the driving wheels and road.
2. Utmost mechanical simplicity, with not over twenty
five moving: units in the entire car, and only fifteen in the en-
gine.
3. Smooth and quiet operation, owing to low engine speed
and to location of engine on axle.
4. Low running cost, kerosene or crude oil used for fuel.
5. Low cost of upkeep, owing to the simplicity of construct-
ion and lack of fussy work in production.
6. Entire absence of lubrication troubles; no contamin-
ation of crankcase oil by kerosene, gasoline, water, road-dust and
carbon.
A RACING MOTORCYCLE
R. A. Perry, M. E., '18
There are several types of motorcycles used in racing, dif-
fering with the conditions of the race and the manufacturer.
But in general we may say there is one type for races held on
dirt tracks, another for board tracks, and a third used exclu-
sively for road and distance racing. The machine to be described
in this article is the Excelsior dirt track racer, which is used in
short distance races only.
The Frame and Control
The frame of this machine is made of extra heavy %-12
gauge seamless tubing with nickel steel drop forgings for con-
nections. A rigid fork is used with a little rake towards the
front—this type being preferable to the spring fork insofar as
it holds the machine steadier when making turns at a high speed.
The wheelbase is twelve inches shorter than in the regular stock
machine. This lessens the possibility of skidding on turns.
thereby making the machine easier to handle and also saving-
considerable wear on the tires. The wheels differ from those on
a stock machine only in the increased number of spokes used
and a special rim which permits the use of a smaller tire. The
Goodyear Blue Streak tire has been used because of its ability
to stand heavy wear. This is a corrugated cord tire with a
heavy tread of exceptionally tine wearing rubber, and was chosen
because, the internal friction being very small, the tire has a
longer life. and. more important, the machine has more speed.
Roth the oil and eras tanks are made of extra heavy gauge
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leaded drawn steel and fitted with unusually large filler caps to
facilitate quick filling. Drop handle bars make for the easier
handling of the machine and also keep the rider down out of the
wind. The only control is a compression release on the right
handle bar and a magneto cut-out on the left bar. This machine
has no clutch and the drive is by chain from the motor direct to
the rear wheel. A copper ring compensating sprocket on the
rear wheel takes the strain off the chain when starting. The
absence of brakes makes stopping a matter of the rider's judg-
ment. The reason that no brakes are carried is that they have
been known to drag and stick at times, often causing a fall and
the loss of life. A small hard leather saddle strapped on the
back frame, only twenty-four inches from the ground, makes the
rider assume a very low riding position.
The Motor
The motor is a twin cylinder with 3-21/64" bore and 3V2"
stroke, giving 61 cubic inches displacement. A cam, which for
high speed needs considerable overlap, opens the inlet valve
22 Vi> degrees before top dead center and closes 44 degrees after
bottom dead center, and the exhaust valve opens 50 degrees be-
fore bottom dead center and closes 22^ degrees after top dead
center. Both the inlet and exhaust valves are open at the same
time while the flywheel is turning through 45 degrees at top
dead center. At high speeds the inertia of the out-going gases
is so great that they do not back up in the manifold when the
inlet opens, but tend to draw fresh gas in. The exhaust valve
is held open quite late to clean the cylinder out as much as pos-
sible, while the inlet is open until 44 degrees after dead center
so that the fresh gas will continue to come in due to its inertia,
even after the piston has passed dead center. The charge is ig-
nited 38 degrees before top dead center. The valves are of the
overhead type, with one inlet and one exhaust valve to each
cylinder. These valves are very large, 2V4" in diameter, so that
the gas can get in and out of the cylinder quickly and easily. A
Bosch high-tension armored type magneto is used for ignition
and the machine carries a special IV2" Schehler carburetor hav-
ing an extra large auxiliary air valve.
Only one ring is used on the piston because at high speed
one step-cut ring is sufficient if a good quality heavy oil is used
for lubrication. Racing flywheels are about twelve pounds lighter
than regular stock wheels. They are also buffed and polished
to cut down wind and oil friction in the crank ease. The con-
]()(> The Technograpb [January, 1918
necting rods and pistons are drilled, scraped, filed and polished
to remove every possible bit of excess weight from the recipro-
cating pails. Several types of bearings are used,—ball bearings
on the crank shaft, roller hearing's on the crank pin, bronze
hushing for the wrist pin, and hardened steel against hardened
steel for the cam shaft and valve rocker arms. There is a double
lubrication system, a mechanically operated, gear driven, posi-
tive plunger pumpt and a hand pump. The mechanical pump
supplies nil to the front and rear cylinders and the right main
hearing. The pump supplies oil to the crank case and from
there the bottom of the connecting rod splashes oil to the left
main hearing, gear case, wrist pin and both cylinders. A breath-
er is led from the crank case and directed on the chain, enough
oil blowing out to give ample lubrication to the chain for most
conditions.
This type of machine when carefully groomed will travel
at the rate of 95 to 105 miles an hour. The motor on a dyno-
meter test will develop about 28.5 horse power at 4800 r. p. m.
with the power curve still going up. These motors are balanced
by experiment, each one being a little different from the rest,
but when they are finished, their performance is remarkable.
THE ENGINEERING LIBRARY
Miss E. L. Baechtold
Librarian
For a number of years the ( lollege of Engineering has needed
a Genera! Engineering Library, so located as to be easi'y acces-
sible to the entire group of Engineering Buildings. Until recent-
ly, students of this college were obliged, either to use the General
University Library, some distance from their classrooms, or eon
tent themselves with small collections of books placed in various
offices in the Engineering Buildings and not always accessible.
These conditions, id' course, did not tend to encourage general
reading among the engineering students and the impression be-
came prevalent that they were not interested.
However, in the Spring of nineteen sixteen plans were made
for a library. The entire north wing of the first floor of Engi-
neering Had was converted into a light, airy, comfortable read-
ing room with accommodations for nearly one hundred readers
and book stacks sufficient to house several thousand volumes. On
the eighteenth of September nineteen hundred and sixteen the
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Engineering Library opened its doors with a collection of about
two thousand volumes on the various engineering subjects, a
small collection of reference books, the nucleus of a good collec-
tion of engineering handbooks, and fifty current engineering
periodicals. These had been arranged according to the General
Library classification and were available to all.
We awaited with great interest the arrival of our patrons
for we were eager to see what use would be made of this new de-
partment, it was an experiment. Would the engineers make
it a success? The results of the first eight months, when we
cared for the needs of thirty-six thousand patrons, more than
justified the attempt. The men seemed as interested as we, and
were pleased with the opportunity to delve into the literature of
other fields as well as their own. The permission to roam at will
through the book shelves has encouraged this, and many new
and unexpected storehouses of knowledge have been brought to
their attention in this way. A constantly growing attendance
on the part of the students and increasing co-operation on the
part of the faculty have been manifested and these have con-
tinued with greater evidence as the library has grown.
At the end of the first school year there had been collected
about six thousand volumes, besides those still retained in the
Railway and Mining Engineering Reading Room in the Trans-
portation Building. These include many handbooks, engineering
and other encyclopedias, society publications of states .cities, etc.,
books on all engineering subjects, and a good collection of hound
periodicals. There were more than eight hundred manufactur-
ers' catalogues, about fifteen hundred lantern slides, and two
hundred current periodicals. A thirty foot corridor, for exhibit
purposes, has been added to the library proper, and it was found
necessary to double the stack capacity to provide for the growing
collection of books. We felt that, with the splendid attendance
and interest, our library was to be a success.
Nevertheless, we watched with considerable anxiety the stu-
dent enrollment in September of this year and awaited develop-
ments in the library's patronage. AVe expected, of course, a
smaller attendance in the library in proportion to the smaller
enrollment in the college. But it has been exceedingly gratify-
ing to find that this condition does not exist. Instead, the at-
tendance has increased about fifty per cent over that of last
year in the same period of time, and the circu'ation of books and
the reference work have also grown accordingly. War condi-
tions and a determination to take advantage of every opportu-
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nity available may be the cause of this interest, or, a realization
nf the valuable material to be found in the library collection
may he the reason. We do not know. We are pleased that the
fact remains.
In addition to the regular work with the students of the
College of Engineering, we have had placed in our charge the
material to he used by the entire Student Brigade of the Uni-
versity. This material includes some thirty-five hundred man-
uals, handbooks and pamphlets on military topics. A splendid
collect ion of hooks and magazines on the subject of Aviation is
available here for the use of the faculty and students in the
School of Military Aeronautics and for the men in our college.
At present we are collecting material for the new course in
Radiotelegraphy, to be offered by the Department of Electrical
Engineering. To interest prospective students in this institu-
tion, we are sending to High School libraries, at the request of
teachers, lists of books on engineering subjects, sufficiently non-
technical to be enjoyed by these boys.
The Engineering Library has been in existence less than
eighteen months and we have made but a beginning. Many op-
portunities present themselves daily for added usefulness and
we feel that, with the continued co-operation of the faculty and
students of the College of Engineering ,a great future is before
us. We trust that the library may become a real force in the life
of this institution.
"THE MATHEMATICIAN IN LOVE"
By Professor Raxkixe.
The following piece of poetry is printed with the thought
that it might be of interest to the many Techxograph readers
who have sweat over Rankine's Theories, to know that the gent-
leman had some lighter moments.
A .Mathematician fell madly in love
With a lady, young, handsome, and charming:
By angles and ratios harmonic he strove
Her curves and proportions all faultless to prove.
As he scrawled hieroglyphics alarming. (See end.)
He measured with care, from the ends of a base.
The arcs which her features subtended:
Then he framed transcendental equations, to trace
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The flowing outlines of her figure and face,
And thought the result very splendid.
He studied (since music has charms for the fair)
The theory of fiddles and whistles,
—
Then composed, by acoustic equations, an air,
Which, when 'twas performed, made the lady's long hair
Stand on end, like a porcupine's bristles.
The lady loved dancing,—he therefore applied.
To the polka and waltz, an equation
;
But when to rotate on his axis he tried,
His centre of gravity swayed to one side,
And he fell, by the earth's gravitation.
No doubts of the fate of his suit made him pause,
For he proved to his own satisfaction,
That the fair one returned his affection;—"because,
"As every one knows, by mechanical laws,
"Re-action is equal to action."
'
' Let x denote beauty,
—
y, manners well-bred, —
"z, Fortune,— (this last is essential),
—
"Let L stand for love"—our philosopher said,
—
"Then L is a function of x, y, and z,*
"Of the kind which is known as potential."
L=$(x, y, z)
'
' Now integrate L with respect to dt,
" (t standing for time and persuasion) ;
"Then, between proper limits, 'tis easy to see,
"The definite integral Marriage must be,
—
" (A very concise demonstration)."
Ldt=MX
Said he—"H the wondering course of the moon
"By Algebra can be predicted,
'
' The female affections must yield to it soon
'
'
—But the lady ran off with a dashing dragoon,
And left him amazed and afflicted.
fThe English pronounce this Zed.
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EDITORIAL
I.\ this issue we have earnestly endeavored to secure as
many student articles as possible. What success we have had
is due to the realization on the part of a few students of the
value of writing for publication; that we have not more such ar-
ticles may he laid directly to the feeling so prevalent among en-
gineering students thai any rhetorical effort, other than required
in the class room, is of little value as a preparation for life's
work. I>ut there are times in every man's lifetime when he
wishes to express ideas clearly, concisely and forcibly, and in no
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way can he acquire this power of expression better than by
writing. Here is a golden opportunity to put into practice the
mechanical principles learned in Rhetoric 1 and 2. Get your
experience while you are in college that you may be the better
prepared when you leave. Drop your contributions through the
Technograph door
!
The recent modifications of the Selective Service Regula-
tions now provide for the continuance to graduation of all en-
gineering students "showing promise" in their academic work.
The reasons for this provision are economic ones. First, the
successful prosecution of the war depends to a great extent on the
services of scientific experts. Between the years of 1895 and
1916, only 36,000 engineering students were graduated from all
the technical schools in this country; at the present time there
are upwards of 30,000 students in attendance at these same
schools. Heretofore these embryo engineers have besn liable to
draft just as surely as is the untrained man today. Had they
been drafted they would have had no oportunity to use that
training for which they spent years at college to acquire. How
much more important is it that they be allowed to complete these
courses which are designed to raise them from mediocrity to
positions of leadership. It is therefore of the utmost importance
that the supply of men who have had advanced technical train-
ing should not be cut off more than is necessary.
Secondly, it is to be remembered that the nation has a fu-
ture as well as a present, with future needs that must be heeded
as well as the pressing demands of the present. The nation can-
not recover speedily from the war if it does not have the Leader-
ship of men prepared for such leadership. It cannot rebuild the
demolished cities nor its neglected industries unless science and
education can produce engineers in sufficient numbers to handle
this extra burden. England and Canada testify how short sighted
it is to rob the colleges and universities. In view of the fact
that she faces a serious shortage of men educated to Lead in the
years just ahead, England has set aside $25,000,000 to set its
technical colleges in full motion again.
You who are in school, therefore, owe it to your country to
stay at your studies as long as is possible. Work as you have
never worked before. Stand up to the job. Now is the time to
hit hard. Concentrate !
Engineering theses ought to be kept in the Engineering
Library and should be taken off the permanent reserve list. The
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lirst proposition seeiias self evident while the second is easily
verified. Since they ace prepared under careful direction, notes
taken from recent theses should be valuable to the student, and it
is much more satisfactory to take notes in one's quiet study,
where typewriter and pipe are available, than in the turmoil of a
crowded room. Moreover the notes are likely to be more accurate
and more complete. Since it is exceedingly difficult at best to
persuade students to read anything that is not required for class
work, all restraints should he eliminated whenever it is possible.
In RECENT years the engineering- colleges of the country
have been severely criticised for graduating men who can figure
stresses, design engines, and work innumerable problems, but
who have no knowledge, so to speak, of business methods or of
human nature. They may be likened to so many machines which
turn out answers, mathematically correct perhaps, but which
from the economic or human standpoint are impossible . To pre-
vent this sort of thing, the 1'niversity has placed in most of the
courses several hours of non-technical electives to give the stu-
dent an opportunity for broadening his education. Too often
the student instead of realizing this opportunity, elects courses
from which he expects to derive little benefit, with the idea that
it is a snap course and a chance to get easy credit. Often a stu-
dent chooses his courses conscientiously, but without first talking
it over with someone who could give valuable advice if he were
asked. There are still several days before resistration. If you
have any such electives on your schedule, talk them over with
someone acquainted with the scope of the study, and see which
course will he of most benefit to vou.
Notwithstanding the fact that the purpose of war is pri-
marily to destroy, the present conflict has done much toward
stimulating the science of engineering. Developments have
taken place under the stimulus of war necessity which would
otherwise have taken years to accomplish. Engineers are be-
coming experienced in the organization and management of pro-
.1' eis which under normal conditions would never have been at-
tempted. Little has been reported either in the newspapers or in
technical journals concerning these feats performed in
the war zone, owing to the necessity of military secrecy, but
when the engineer who has seen war service returns, he will un-
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doubtedly profit immeasureably by his experience and apply
war efficiency methods to civil undertakings. Rapid product-
ion or construction on a large scale demands administrative abil-
ity and technical skill of the highest order. With the best en-
gineers of the country at work along these lines, radical changes
are sure to take place in engineering proceedure. After the war
an exposition of the ways and means employed in war construct-
ion will be of inestimable value to practicing engineers.
Another signal honor has been conferred upon Professor
Arthur N. Talbot, and through him upon the University of Illi-
nois. His election to the Presidency of the American Society of
Civil Engineers is the highest honor that can be bestowed upon
a man of his profession, and is proof of the high regard in which
he is held among the foremost engineers of the country. Con-
gratulations, sir. May the same success mark your administra-
tion that has been so characteristic of all vour undertakings
!
The Congress on Labor Problems Resulting from the War,
to be held at the University February 14th to 16th, promises to
be a session full of interest, not only for the student of economics
or of sociology, but also for the engineer. The committee on ar-
rangements headed by Professor H. H. Stoek, co-operating with
the Illinois Manufacturer's Association, the Illinois Coal Oper-
ator's Association and with the State Federation of Labor, has
invited the foremost representatives of employers and labor in
the State to speak upon the various problems which involve the
human factor in industry.
Miss Agnes Nestor, of the Woman's Trade Union League,
will speak upon the place of woman in industry and the effect of
the employment of women for what in peace times has been con-
sidered man's work. Mr. J. W. Dietz, Educational Director of
the Western Electric Company, will talk upon vocational train-
ing from the employer's standpoint, and Mr. Victor Olander.
Secretary of the Illinois State Federation of Labor, will present
Labor's ivews on that subject. Scientific management and em-
ployment problems will be treated by Mr. Charles Pic/., President
of the Link Belt Company, speaking from the standpoint of the
employer; Mr. John P. Frey, Editor of the International Iron
Moulders Journal, will tell how Labor regards this same subject,
Dr. G. C. Farnum, Industrial Physician of the Avery Company
of Peoria, will speak on the methods used to conserve the health
of factory workers, while Mr. Frank Ferrington, President of the
Illinois District of United Mine Workers, will give Labor's
ill The Technograph [January, 1918
views "ii the problem of industrial health. "Safety First " in all
its aspects will be the subject presented by Mr. K. (\ Richards
Chairman of the Central Safety Committee and often called the
"Father of the Modern Safety Movement.'" Mr. Mathew Woll,
President of the International Photo-Engravers Union, will give
Labor's views upon the current methods of hiring men. Those
promoting the Congress are indeed fortunate in securing such
;l capable body of speakers, each one of whom will present his
views upon that problem which has I n peculiarly his in the
industrial world.
It is hoped that the Congress may become a permanent in-
stitution in the State, and that out of its sessions may come a bet-
ter understanding of Labor problems. The value of this Con-
gress to the student body cannot be overestimated and it is to be
hoped that engineers will avail themselves of this opportunity to
acquaint themselves with some of industrial problems which con-
front the country as a result of this world-wide war.
With the publication of this issue, the Editor severs his
connection with The Technograph and the University to enter
the Service. This leavetaking is hard. These have been pleasant
years at the University
—
years of opportunity for study, for con-
tact with keen minds, and for congenial companionship. To have
been so intimately connected with The Technograph has been in
itself a privilege. It has not been possible to carry through to
completion all that had been hoped for at the outset: it has
meant hard work and many disappointments, but it also has its
reward. Tit those who have helped to get the magazine into the
forms, I wish to express my appreciation; to those who have
waited patiently when publication was subject to unavoidable
delays, my gratitude; to the new editor, my best wishes. Fellows.
get behind him and push !
THE VALUE OF A DOLLAR'S WORTH OF GASOLINE
According to tests made by Professor Pishleigh to determine
the "heat balance*' in a six-cylinder engine, one dollar's worth
of gasoline gives 10 cents' worth of power, the engine and its
accessories absorbing the other 90 cents' worth.
Cooling water abstracts 40 per cent of the heat value of fuel
burned. Exhaust gas carries away 25 per cent more, and air in
contad with the engii arries away 25 per cent more, leaving
only 10 per cent of heat value of fuel as brake horse power.
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C. E. SOCIETY NOTES
On Tuesday, December 18, 1917, the C. E. Society held its
regular biweekly meeting in the Engineering* Lecture Room in
the Engineering Building at 7 :00 P. M. At this meeting Prof.
J. E. Smith gave a very interesting lecture on the "Construction
of Chanute Field". In his lecture he pointed out the principal
features and methods used and showed, where economy frequent-
ly had to be sacrificed for rapidity of construction.
The Christmas vacation came and for the time being put a
stop to the society's activities, the next meeting being held Tues-
day, January 15, 1918. At this meeting the officers for the soci-
ety for next semester were elected. The officers elected were
:
A. I). Ladehoff, President, L. P. Gannon, Vice-President, F.
Klenk, Treasurer, and -1. L. Gary, Secretary.
The society hopes to continue the same plan that it has fol-
lowed this semester, namely, that of having students give short
talks on engineering subjects followed by discussions by the
members of the society. The society will continue to hold its
meetings on every other Tuesday evening at 7 :00 P. M. in the
Engineering Lecture Room. All students in civil engineering
are invited and are urged to attend these meetings.
Chas. A. Nagel.
THINK WELL OF YOURSELF
Think well of yourself . Be good to yourself. You are
very important to you. In you are all the elements of a success-
ful man. You have within you the latent force that will lift you
successwa I'd.
Don't pity yourself. Don't lessen your own value in your
own eyes. Have confidence in yourself. Believe in your own
ability to do big things. Only by having faith in yourself can
you compel others to have faith in you.
Treat yourself as a man of worth. Demand much of your-
self, Be your own hardest taskmaster. Be determined to better
the work you are doing.
Show how you can produce more at less cost of mental and
physical energy. Prove that you can sell more of your product
at a profit. Think big thoughts and back them up with big
deeds. You can when you will. You will.
Thomas Dr< i< r.
Nothing of us belongs so wholly to other people as our looks.
—Glover.
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HIGH among the bald peaks of the Montana
Rockies, 6,000 feet above the sea, the high-
speed, smokeless passenger trains and record-
tonnage freight trains of the Chicago, Milwaukee &
St. Paul wind their way up and over the Conti-
nental Divide, under electric power. These trains
cross four hundred miles of the same mountain
ranges that years before meant weeks of perilous
travel to horseman or prairie schooner; over the
same tracks where a few months before giant steam
locomotives had faltered on the up-grades and
heated their brakes to redness while I descending.
Half a hundred G-E electric locomotives are daily climb-
ing the Continental Divide, making faster time than their
steam predecessors, hauling heavier loads, and by means
of regenerative electric braking on the down-grades are re-
turning power to the wires, ejecting vast economies. Con-
servation of approximately half a million tons of coal a
year is one of the epoch-making results.
Immune to the biting cold that freezes motion from steam
locomotives, freed from carrying tons of fuel and water, the
trans-continental electric locomotive is now a 3.000 horse
power reality—another General Electric Company achieve-
ment.
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THE PRESIDENT OF THE AMERICAN SOCIETY OF
CIVIL ENGINEERS
Last winter, the University of Illinois generally and the
College of Engineering' especially were pleased to learn of the
election of one of its graduates and professors as President of
the American Society of Civil Engineers, the most conservative
and perhaps the greatest of the engineering societies of this
country. We at the University feel that to no worthier man,
to no better engineer, than Arthur Newell Talbot has that
honor ever been given. Although prominent in the activities
of our profession for a generation, he has never desired publicity
for its sake alone. The Technograph to which he has con-
tributed so many scholarly articles is therefore especially desir-
ous of giving to the undergraduates a few particulars concern-
ing the life of a man we are proud to feel was once an under-
graduate of exceptional ability.
In slavery days, on the broad prairies of Illinois nourished
by its fertile soil, was spread out a small hamlet called Cortland.
This stopping place for the travellers on the long weary journeys
to the bare plains of the West required a hotel. The keeper of
this hotel, Charles Talbot, quite naturally, was also keeper of
the village livery stable. On October 21, 1857. a tiny red young-
ster, Arthur Newell Talbot, entered into the hotel. A thin
freckled lad, he became fond of the few sports of a backwoods
town.
As he grew up, he read and studied as we all must do. When
18, Arthur graduated from the Sycamore High School, a school
in which the course consisted mainly of mathematics, history
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and English grammar, not of manual training and mechanical
drawing.
After a respite of two years, he entered the University of
Illinois, at first in the College of Arts and then in the Depart-
ment of Civil Engineering. Being energetic and sound in health,
lie entered into all the activities of college life. Naturally he
joined a literary society, Philomathean, of which he became
Secretary. Vice-President, and President. In the minute bat-
talion of those days, he became a captain, an office of some dis-
tinction in those days when the fights of our army with the
prairie Indians were told at every country store during the long
idle winter evenings. The college paper, then as now The Illini,
was but a small affair, organized quite differently than at
present. Talbot became an associate editor, the representative
of the Engineering College. Doubtless his practiee in writing
and speaking English received at the meetings of his literary
society made his contributions more understandable than such
articles are at present. It might be thought that these outside
activities would divert his attention from his studies, but those
who are acquainted with him will not be surprised to hear that
he graduated, in 1881, with an average of 98.
After graduation, with the exploits of the great railroad
engineers of that day of rapid construction sounding in his
ears, he went out West to help build railroads through the tower-
ing mountains of Colorado. Four years, he remained there
working for the Rio Grande, the Santa Fe, and the Northern
Pacific Railroads. During this period, he continued his studies,
returning to Illinois to receive a degree of Civil Engineer in
1885. That year, he was appointed Assistant Professor of En-
gineering ami Mathematics. Half a decade later, Talbot be-
came Professor of Municipal and Sanitary Engineering, which
position he has held ever since. For nearly thirty years he has
also been in charge of Theoretical and Applied Mechanics. In
Mechanics, especially Applied Mechanics, he became intensely in-
terested. A large part of our knowledge of concrete, both plain
and reinforced, and of other materials is due to his studies and
researches. He has at length reached such prominence in this
field that Mr. A. F. Robinson's remark that "his conclusions
are generally accepted by engineers even without demonstra-
tion" merely codifies the opinion which engineers for years
have held of his work.
A man so interested in acquiring workable knowledge has
but little leisure to write elaborate Treatises. His onlv book is
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"The Railway Transition Spiral" which was first published in
The Technograph. This little book is still one of the best
upon that subject. However in his bulletins and reports, he has
supplied the knowledge that others have used to write important
text books.
A long list of societies are privileged to count Professor
Talbot among their members. He belongs to the American
Society of Civil Engineers of which he has been a Director and
Vice-President and is now President; to the Western Society of
Engineers of which he was Vice-President ; to the American
Water Works Association ; to the American Society for Testing
Materials; to the Society for the Promotion of Engineering
Education of which he lias been President ; and to the Ameri-
can Railway Engineering Association of which he is a Director.
Besides these technical organizations he is a member of the
great honorary engineering fraternities, Tau Beta Pi and Sigma
Xi.
THE GREY IRON CASTING!
J. II. Hogue
Instructor in Foundry Practice, U. of I.
I "m only a grey iron casting,
Only one of the millions that are cast,
Tho' the process is a long and severe one
I've arrived on the scene at last.
I was first picked up by a steam shovel
And loaded on board a work train ;
Then hauled to the great ore docks
And dumped and loaded again.
In the hold of a deep floating ore boat
My journey was started once more;
And on reaching the ore docks at Gary
1 was roused by the smelters' roar.
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1 \v;is left to myself to weather
Before I was fit for the smelter.
Bye and bye my turn came, I was started again
And dumped in the smelter to swelter.
Prom the top to the bottom I travelled
Decomposing and changing my form
Until finally out thru the bottom
1 rushed in a molten storm.
Of my own accord now I could travel.
So I rushed right into the chill
And there became cold and solid
And ready for the busy mill.
To fill an order one day I was started
Again on a thundering train.
In the form of a pig I was traveling
Ready for business again.
My journey was ended abruptly
—
And 1 was stored away once more.
Only to be loaded and carted
Up to the charging floor.
I'm accustomed now to the process,
It hears no hardships for me.
As into the cupola I 'm tumbled
And melted so 1 can run free.
In the ladle I take my first venture.
And am carried to the moulding floor,
To he made into a easting
And do service for evermore.
Life is a hospital, in which every patient is possessed by
the desire of changing his bed.
—Charli s Bmidt laire.
Some of you chaps think you are making progress when
you are only making changes.
—St. John Ervine in "Changing ^Yinds."
ADDRESS DELIVERED AT THE CONVOCATION OF THE
COLLEGE OF ENGINEERING HELD IN HONOR OF
THE ELECTION OF PROFESSOR TALBOT TO
THE PRESIDENCY OF THE A. S. C. E.
Dwight B. Ohrum, R. C. E., '18
At times we students feel as though we were merely specta-
tors in the higher collegiate life. There are occasions, however,
when we can all meet on common ground, and the present occas-
ion is such a one when we all, students, faculty and alumni
meet to honor one of our number to whom honor is due. I am
glad that I have the opportunity of representing the students
on such an occasion.
It may sound strange to the ears of some of the faculty,
but 1 believe that we all do quite a bit of thinking. Especially
do we think of the faculty, for we are unconsciously compelled
to give them a great deal of thought.
Our feelings and ideas of them are constantly undergoing
a progressive change. As T look back through my years spent
here I can trace these changes of thought, and believe that I can
see the causes. In our early undergraduate days we are very
like'y to look on the faculty man as a person apart from the busi-
ness and professional world with which we are more or less ac-
quainted, at least by hearsay. We look upon him as a sort of
"super high school teacher" if you will pardon the comparison,
engrossed in dry academic affairs, his horizon bounded by class-
room walls.
As we come to know them better, our feelings undergo a
change. We find that after all they are pretty much the same
kind of men whom we meet outside of college. But we still look
at them to some extent as a race apart, producing books, and ac-
quiring degrees, really accomplishing nothing to warrant recog-
nition from the outer world.
From time to time, however, we run across the names of
various faculty men in connection with work not strictly aca-
demic. We find that they are interested in some of the vital
things of life. We look further and see their names on various
committees, some local, some national; we see them made honor-
ary members, and officers of various organizations ; called upon
to make investigations and reports. Lately we have seen them
respond to the nation's call for men, for trained leaders. We
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come to find that the men whom before we considered merely
teachers are playing Leading roles in outside affairs, and that
their services are being recognized from all sides. It is just
such recognition as has come to Professor Talbot and that lias
come to other faculty men in the past that help us to change our
views and see the faculty in this new light.
This recognition which has come to Professor Talbot has
for me another message. From all sides we hear that the en-
gineering profession is narrow, that engineers keep their noses
so close to the grindstone of their own making, that they seldom
catch a vision of the bigger and sometimes more important things
of life, as do some of the other professions. We are told that
they are too content to do their own bit of work, and do it well.
Sometimes I believe that this is true, and sometimes I have
thought that the faculty men were instilling into us too much
of this spirit.
Perhaps though we are not in the position to judge rightly.
I know that in different talks which I have had with various
faculty men, I have found them all in favor of our engineers'
broadening out. However the majority of us are at an age
when we are more influenced by actions than by words. AVe
are quick to draw conclusions from the things which we see
from day to day, (puck to notice the shortcomings or good points
of the men with whom we come in contact, especially the men
above us. and it is just such men as Professor Talbot and other
men of the faculty who by their actions help us to see the big-
ger, the better and the broader side of the engineering pro-
fession: who help us to realize that after all an engineer may be
more than a mere compendium of knowledge, may be a leader,
a vital force in the community.
Professor Talbot's work has kept him from a close per-
sonal contact with the undergraduate body, and he has not been
ni a position to meet many of us personally, as could naturally
be expected in an institution the size of the University of Illi-
nois. But there is no one of us who does not know of him and
admire him as a man. and a leader in his profession. Many of
us came to know of him through his various investigations even
before hearing of him personally.
In speaking thus of Professor Talbot, I am speaking of our
Engineering faculty as a whole. They are all setting us an ex-
ample we may well emulate. For this reason we are growing
more and more to like and admire them. There mav be indi-
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vidual instructors with whom we have petty grievances, but on
the whole I believe that the relationship between the under-
graduates and the faculty could not be bettered, and I for one
hope that this feeling may continue to grow and become strong-
er.
For these reasons I am very proud to be able to pay to Pro-
fessor Talbot this tribute from the many students whom he has
influenced by his ideals, by his energy, and by his devotion to
his work; and on behalf of these students to offer to him our
sincerest congratulations on the new honor which has come to
him. We hope that as President of the American Society of
Civil Engineers he may find greater opportunities for a life of
usefulness and service.
PROTECTIVE COVERINGS FOR STEEL STRUCTURES
E. W. Carrier
Senior in Structural Engineering, '18.
Commercial iron combines readily with various other ele-
ments to form compounds that arc more stable than the iron
itself. The most usual compound formed by the exposure of
steel is [roil rust, and the problem of the preservation of the
metal is a problem of the prevention of the formation of this
compound.
There are many theories concerning the formation of rust,
but of these theories there are only two that are accepted, the
carbonic acid theory and the electrolytic theory. Recent re-
search strongly favors the latter. The carbonic acid theory as-
sumes that the weak carbonic acid and free oxygen found in
ordinary water attack the iron forming ferric carbonate which
oxidizes to ferric oxide. The electrolytic theory assumes that
because of the lack of homogeneity in the metal there is a dif-
ference in potential between two contiguous portions, and in
the presence of water or moist air electrolytic action takes place.
Every particle of surface impurity forms with the iron in the
presence of water a galvanic couple which reduces the iron to
an unstable ferric hydroxide. Six molecules of ferric hydroxide
break down into three molecules of ferric oxide and three mole-
cules of water.
It is not the purpose of this article to discuss the relative
merits of the different theories except to draw one basic con-
clusion—moisture is necessary for the formation of rust. Hence,
the problem of the prevention of rust resolves itself into a prob-
lem of excluding moisture.
There are four distinct ways in which attempts are made
to exclude moisture. First, iron may be covered with some sub-
stance that will render the metal passive, such as zinc eliminate.
Such coverings are not of long life, due to the impurities of
manufacture and to the effect of the usual local conditions on
the compound. Second, iron may be coated with a metal that is
electro-positive to iron. Galvanizing is a common example. This
method is not adapted to large structures or to structures al-
ready erected, and is only safe so long as the galvanizing is
wholly intact. Third, steel may be imbedded in concrete or
other active alkalies. This method is adapted to girder spans
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and building construction, but is not usually applicable to
trusses. Unfortunately the basic properties of the material are
neutralized after a few years of exposure, and the protective
properties of the covering are lost. The fourth and last way of
rust prevention is through the use of inert coverings such as
paint.
The title of this paper is perhaps over-pretentious as it
covers a subject in which all the various branches can not even
be touched upon in so limited a space. No attempt will be made
to cover the broad field of the protection of metal structures,
but instead this article will be devoted principally to a general
discussion of paints and paint pigments.
A paint is a mixture of pigment with a vehicle for the pur-
pose of covering a surface for decorative or protective purposes,
or both. A pigment is the fine solid particles used in the pre-
paration of paint and is substantially insoluble in the vehicle.
A vehicle is the liquid portion of a paint. Often hot bitumens
are called paints, but unless they are mixed with a vehicle such
as carbon bisulphide, they are not true paints.
Experience has shown that some ingredients of paint seem
to act as "inhibitors," some as "neutrals," and others as "stim-
ulators" of rust. A pigment is an inhibitor if chemically it
retards oxidation ; neutral, if chemically it has no action on the
iron; and a stimulator if chemically it assists oxidation. In the
selection of a pigment there are two important principles to
observe. First, if the surface of the steel is subjected to the
action of two contending influences, one tending to stimulate
corrosion and the other to inhibit it, the result will be a break-
ing down of the defensive action of the inhibitor at the weakest
point, thus localizing the action and leading to pitting effects.
Second, while the concentration of an inhibitor may he strong
enough to prevent electrolytic exchange between atom and ion,
it must be still stronger to prevent entirely the solution of the
iron and subsequent oxidation which leads to the formation of
rust spots. It is therefore apparent that desirable pigments are
those that contain substances that are adapted for carrying on
just such a struggle on the surface of iron.
Priming coats should always he inhibitors regardless of
their qualities as excluders or shedders. Second coats should
preferably be excluders and should approach inhibitors as nearly
as possible. The finishing coat should he a good shedder without
regard to its value as an inhibitor, although that is still
preferable.
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In general a paint to be good must be free from injurious
elements, musl adhere properly, and must be as permanent and
<-is impervious to water as possible. The principal paint pig-
ments are iron oxides, carbons and graphites, bitumens, zinc
oxide, and the leads.
Natural and artificial iron oxides have been widely used in
the past for the manufacture of protective coverings. If pure,
they have a great advantage over the other pigments, as ferric
oxide is a stable compound under normal conditions. Regardless
of this advantage, iron oxide paints have not been successful
except under special circumstances. The natural oxides inva-
riably contain injurious impurities, and the artificial oxides
usually contain acid. Unfortunately such impurities render an
otherwise inert pigment destructive. Prepared magnetic oxide
of iron forms an excellent black protective paint when ground
in linseed oil. The natural compound may be used if freed from
its impurities. The slight basic characteristic of this pigment
renders it inhibitive. It is usual to make the ordinary inhibitive
by the addition of from ten to twenty per cent of zinc chromate,
zinc oxide, or red lead.
Carbons and graphites are like iron oxide in that they are
inert, and that they are rendered destructive by impurities in
the manufacture. They are not suited for direct application to
the metal because of their rust-stimulative action, but as black
paints are often preferred on finished work, carbon paints are
much used for top coats. Although not good inhibitors, they
are good excluders and shedders of moisture, and as top coats
have given excellent service. The principal base pigments are
gas carbon-black, oil black, lampblack, willow charcoal, and nat-
ural and artificial graphite. As a rule carbon paints are slow
drying ami often require the addition of litharge to give the
most satisfactory results.
Pure bitumens are the best metal protectors, but are rapidly
destroyed by the action of sunlight. The sunlight causes the
bitumen to give up hydrogen thereby liberating carbon. This
chemical change destroys the protective properties of the cover-
ing. Reliable bitumen paints cannot be manufactured because
the sulphuric acid present aids in the destruction of the bitumen
which is accelerated by the sunlight.
Zinc oxide alone is a dangerous pigment. The carbonic
acid in rain water causes the formation of zinc carbonate which
has a volume of more than twice that of the zinc oxide, and the
result is excessive blistering and peeling of the covering. How-
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ever, mixtures of zinc oxide with white lead tinted gray with
carbon black are widely used and have given excellent results
in nearly every climate.
Generally the safest pigments are the red and blue leads.
They are inhibitive and nearly as inert as possible. With linseed
oil the unburnt litharge forms a lead linoleate compound giving
an additional cementing action between the pigment and the
vehicle. Red lead free from litharge is neutral. The most val-
uable property of the leads is their ability to form a hard
elastic film that shuts out moisture and gases. A valuable rust
inhibitive coating for general priming and finishing work may
be prepared from two parts of sublimed blue lead, one part of
boiled linseed oil, and about five per cent of turpentine drier.
The rust inhibitive value is due to a high percentage of litharge.
So far red lead as a primary coat has proven about as effective
as any other pigment in the retarding of rust formation.
As far as pigments are concerned, no single pigment is
a panacea for all ills, but sometimes a mixture of various pig-
ments is far superior to any single one. Red lead neutral-
ized with a very light pigment like carbon black or graphite
makes a paint of superior quality. A handsome rich dark green
paint is obtained by mixing in the proportion of thirty-one lbs.
of chrome yellow, thirteen lbs. of Prussian blue, and one hun-
dred pounds of red lead. Such a paint is highly inhibitive and
has given satisfactory results over long service tests. The expen-
sive colors do not add appreciably to the cost of the paint as the
addition is accompanied by a considerable increase in oil. Chrome
yellow tinted with black oxide of iron to an olive shade makes a
fairly permanent protective paint. By the proper mixing
of two or more pigments serviceable paints of many colors are
obtainable. A proper discussion of multi-pigment paints would
require many volumes, and beyond the above suggestions no
treatment of the subject can here be given.
Up to this point little has been said concerning the vehicle.
Yet there is much to be said about it. Since by the theories
of rust formation, iron would last indefinitely if the moisture
were excluded, the vehicle as well as the pigment should be made
•of as impervious a material as is obtainable. Linseed oil is by
far the cheapest and most widely used vehicle for paint. Al-
though it is a stimulator and a poor excluder, it is the best com-
mercial vehicle known. Its use alone as a shop coat is to he con-
demned as it actively stimulates corrosion which cannot be
.stopped by subsequent applications of paint.
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Previous to 1885 it was almost a universal custom to use
boiled linseed oil. Today there are few bridge engineers who
specify boiled oil. Theoretically boiled oil was considered better
than raw oil because it contained less water. l»nt recent field
tests have shown that the raw oil gives greater durability. Dur-
ing the past few years the method of preparation of boiled lin-
seed oil has been greatly improved, and to say that raw linseed
oil as a vehicle is superior to the present day boiled oil is not
justified by the results of the past tests. Further investigation
and new conclusions on this subject are desirable.
Because linseed oil is a stimulator and a poor excluder,
many attempts have been math' to discover an economical vehicle
having more desirable properties. Besides boiled and raw lin-
seed oil (both resinate and linolate types), the following oils
have been used: lithographic and blown linseed oil. heavy min-
eral oil, rosin oil, cottonseed oil. corn oil. sunflower oil. MehadeD
oil, Perilla oil, lumbang oil. soy bean oil, Chinese wood oil, and
tung oil. Twenty per cent of dry rosin boiled in eighty per
cent of linseed oil has been used as a vehicle. In spite of the
large number of possible vehicles, linseed oil has not been dis-
placed.
Owing to the unsatisfactory properties of the present day
vehicles, no paint covering can be permanent. Linseed oil un-
dergoes complex changes and absorbs and carries water. Rain
water always contains a little ammonia which is a solvent of the
dried oil and little by little the binding material is washed away.
Even with the very best pigments sooner or later the surface of
the metal will be attacked by the two factors that produce cor-
rosion, namely hydrogen ions and oxygen. Not until the prop-
erties of the vehicle can be improved can we hope to expect a
more nearly permanent paint covering.
The greatest cause of failure of [taint is due to poor appli-
cation. A prominent bridge engineer recently made the remark
that he would always prefer a five dollar man and a one dollar
paint to a five dollar paint and a one dollar man. The best paint
obtainable will peel and flake off, if it is not properly applied.
If the paint is to lie of any protective value, the surfaces must
be thoroughly cleaned before painting. Recent field tests have
shown that the covering up of rust by paint only stimulates
further rust formation and has no protective value. The com-
plete removal of mill scale is another precaution to be observed.
To escape this danger some bridge engineers specify that their
structures be erected and weather for a few months and then
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thoroughly cleaned before any paint is applied. Paint should
never be spread over greasy, damp or frosty metal surfaces,
since it will not adhere but will blister and peel under the first
hot rays of sunlight.
There are three general ways of cleaning structures, name-
ly : mechanical methods, the sand blast, and the acid bath. Steel
brushes, scrapers, and chisels are the common mechanical meth-
ods. The sand blast cleans the surface by blowing a blast of
hard sharp sand against the metal. The acid bath consists of
washing the surfaces of the structure with a weak acid and then
neutralizing the effect of the acid by hot water and calcium
carbonate. The sand blast is adapted to more general applica-
tion than the acid bath and as a rule is more economical. How-
ever the surface left by the acid bath holds a paint covering
more securely than do the surfaces left by the other methods.
Our usable knowledge of paints and vehicles is largely
the result of tests and experimentation. The Committee on
Preservative Coatings for Iron and Steel and the Committee
on the Corrosion of Iron and Steel under the direction of the
American Society of Testing Materials has done much during
the past ten years to discover the truths about paints and cor-
rosion. Under their care a very extensive test lasting seven
and one half years on the Havre de Grace bridge were conducted
with the following general conclusions. Surfaces protected by
priming and body coats of red lead in linseed oil and finishing
coats of red lead and six per cent of carbon pigment in linseed
oil gave the best results, and were in excellent condition at the
end of the test. Coverings protected by priming coats of red
lead in linseed oil, body coats of red lead plus fifteen to twenty
per cent of carbon pigment in linseed oil, and top coats of car-
bon pigment in linseed oil thinned with turpentine gave re-
sults that were second best. The third best results were found
on surfaces covered with three coats of carbon pigment con-
taining considerable red lead in linseed oil. Surfaces coated
with straight carbon pigment lasted intact only three years
and were in poor condition at the end of the test. The ferric
oxide paints gave fair results for four years, but failed entirely
at the end of seven and one half years. Surfaces coated with
bitumen paints gave signs of failure at an early date and utterly
failed at the end of two years. In general the relative values
of the different paints is made apparent by such carefully con-
ducted long service tests as those made at the Havre de Grace
bridge.
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Another se1 of tests conducted by Westinghouse, Church,
Kerr and Company resulted in the following genera! conclus-
ions. For short time protection such as shop coats, red lead,
white lead, or one of the chromate group is entirely satisfactory.
For priming coats red lead in linseed oil is safest, and top coals
of carbon pigments in linseed oil are reliable, ruder careful
and wise precautions little difference was found between the
iron oxide and carbon group paints. These tests also broughl
out the fact that slightly soluble ehromates exert a protective
action by maintaining the surface of the metal passive. As a
rule alkali pigments are inhibitors and acid pigments arc stimu-
lators. A long series of tests on the Atlantic City test fence
showed very favorable results for chromate pigments.
The results of these carefully conducted tests have adde I
much to a better understanding of the value and characteristic
properties of pigments and vehicles. The subject of pigments
has been mere or less covered, and as far as pigments are con-
cerned, a lasting protective covering could be obtained. It
is the vehicle that is unsatisfactory, and tests that would lead
to the finding of a better vehicle or to the improving of the
present vehicles would solve to a very great extent the problem
of the preservation of iron and steel structures.
lie who looks through an open window never sees so many
things as he who looks at a shut window.
—CharU s Baudi laire.
THE ELECTRIC FURNACE IN METALLURGICAL WORK
Reynold R. Kraft, Min., '18
The use of the electrical furnace in metallurgical work is
very recent while its development for commercial use is still
to be worked out in the future. The electric furnace has been
developed to its present state in Canada and Sweden. This is
exp ained by the fact that the fuel in these two countries is
very scarce and the kind of ore used is of that character which
does not require a fuel for reduction purposes. In the United
States, the electric furnace has been used as an experimental
process and for the refining processes of various metals and for
the production of a higher grade of metal. In the future as
the fuel supply becomes lower and the production of electricity
is on a competing basis, the electric furnace will undoubtedly
take its place in metallurgical operations.
The combustion furnace has a very low efficiency which
ranges from 2 to 60 per cent whereas the efficiency of the elec-
tric furnace is no lower than 60 per cent and ranges to 80 per
cent. The combustion furnace is now necessary in the smelt-
ing of ores in the United States, because of the reducing action
of the fuel. The electric furnace can be used for heating pur-
poses only, and the reduction of the ores must take place due
to the heat alone and the chemical action produced therefrom
in the ore and fluxes of the charge. The temperature obtainable
in a combustion furnace is no higher than 2000 degrees ('.,
while the limit of the temperature obtainable in the electric
furnace is governed only by the materials of which the furnace
is constructed and by the charge. Furthermore, the temperature
of au electric furnace is under perfect control, while that of a
combustion furnace necessitates very careful attention of an
experienced controller. Therefore, the electric furnace be-
cause of its superior efficiency, close control, and high heating
possibilities is preferable to a combustion furnace. On the
other hand, however, the cheapness of operation of a combustion
furnace is such that the electric furnace, in its present stage of
development, cannot compete with it. The electric furnace is
used at the present time in the smelting of some copper ores.
some iron ores, some ores of other substances requiring a high
temperature for smelting and reduction, and in the refining
processes of many metals.
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Electric furnaces are classified in several different ways,
two of which are the Stansfield classification, as Arc furnaces
and Resistance furnaces; the Burgess classification according
to the character of the conducting medium. The heating is done
in three ways, by electrolylic processes, electrothermic processes,
and electro-mechanical processes.
The resistor furnaces are those which have a solid medium
and a liquid medium. The solid resistor furnaces are of two
kinds, one in which the charge constitutes the resistor, and the
other in which the charge is surrounded by a solid core winch
develops the heat. The Acheson graphite furnace is a type of
furnace that develops heat in the charge itself. This furnace
is a general type of this class. It has two electrodes of carbon
which carry the current into the charge and form an arc there
until the charge is sufficiently heated. The electrodes are perm-
anent and consist of a number of graphite rods which are set
in a block of carbon
;
electric contact being made by a terminal
plate, which may he water cooled. The charge is placed around
the core of carbon rods and then covered with a layer of ma-
terial that is a poor conductor of heat and electricity. When
the current is turned on, it passes through the core of carbon
rods and heats the charge which is gradually reduced and con-
verted by the high temperature obtained. When this furnace
is used for the manufacture of graphite, the efficiency is very
high as the current has little tendency to pass through the outer
parts of the charge, because of the low resistance of the graphite.
This furnace is very simple in construction and needs only the
proper protection by using non-conducting materials. Furn-
aces, which develop heat in the core, are of a lighter construc-
tion and have a lower efficiency because of the fact that the heat
is developed externally and so may lose a considerable amount
in passing through the walls. There are two types of furnaces
of this kind, those with a wall between core and charge and
those without a wall between core and charge. The first type
produces a very high temperature depending upon the fusing
temperature of the resisting wire which is made of a platinum
alloy or of a tungstun alloy. The second type approaches the
solid resistor type in that it has a conducting medium which is
in contact with the charge and therefore makes the charge a
conductor which adds to the heating value of the furnace.
The furnaces in which the resistor is a liquid are of two
general types, the electrolytic and the non-electrolytic. The
aluminum producing furnaces are of the electrolytic type in
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which the metal is obtained by the electrolysis of the fused alum-
inum compounds. This has to do more with the chemical prop-
erties of a compound and is therefore not especially a heating
furnace. The non-electrolytic furnace is one used in the manu-
facture of steel. In this furnace, the molten steel is covered
with a layer of slag, the heat being generated by the passage of
the electric current between the electrodes through the liquid
layers of slag and metal.
Arc furnaces are classified in two general types, those in
which the arc plays between two or more electrodes near the
material to be heated and those in which the arc is maintained
between one carbon electrode and the charge, the latter acting
as a second electrode.
In order to discuss the construction of an electric furnace,
it will be necessary to know the relation between electrical units
and heat units. This construction also takes into consideration
the chemical and physical properties of the substances and their
mechanical assembling. First of all, the heat unit is equal to
the square of the current, times the resistance of the material,
times the time in seconds of the passing current. The quantity,
as indicated by the current times the time, multiplied by the
number of volts, gives the heat. Therefore it will be seen that
a high current will be necessary in order to develop more heat
for the same amount of time and for the same resistance mater-
ial. One horse-power is equal to 716 watts or 746 times the num-
ber of volts times the current. One kilowatt is therefore equal
to 1000 divided by 746 or 1.3405 h. p. The design and construc-
tion of the electric furnace should be one giving the highest
efficiency in obtaining the finished product. The different meth-
ods of heating by electricity are : direct heating by resistance,
induction heating, indirect resistance heating, and arc heating.
Direct heating by resistance is the heating of a conductor
by passing an electric current through it. The metal will become
hot because of its resistance and increasing the current increases
the resistance and therefore the temperature. The disadvantage
of direct heating by resistance is that the metal and the con-
ductors are both heated and for this reason a conductor of low
specific resistance should be used.
Induction heating is based upon the principle of induced
currents. A magnetic field, set up by a low current passing
through a wire of a great number of windings, induces a current
of lower voltage but higher amperage in another wire with a
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smaller number of windings. In the furnace, the induced cur-
renl passes into a ring of molten metal of l>ut one turn and
therefore a high current is set up. With a given voltage, the
larger the current to he carried, the lower must he the resist-
ance of the conductor. Copper is usually used for this purpose.
This method of heating is most used in electric furnaces for the
making of steel. For example, the primary winding carrying
a current of 90 amperes at 3000 volts, induces a current of 30,-
000 amperes at 7 volts into the secondary winding or hath of
steel. The disadvantages of this type of furnaces are those of
an inefficient transformer and the trouble derived from the elec-
trical action in the hath of steel.
In the indirect resistance method of heating, the heat is
produced by passing the current through some substance that
has a very low electric conductivity and heats the charge which
is placed around the core. The indirect method is employed
in the heating of crucibles in making crucible steel.
Arc furnaces are heated by the heat developed from an
electric arc and transmitted to the charge. The arc can be de-
veloped outside the charge or the charge can be used as one of
the electrodes. The heat developed from an arc furnace is due
to the great resistance set up, while the high current passes
across another medium to another conductor.
The factors affecting the efficiency of the electric furnace
due to electricity are: self induction, eddy currents, hysteresis,
and lag. The e'ectro-mechanical factors are: the construction
of the electrodes, the proper shape of the crucible, the proper
size of the crucible, and the proper lining, both for insulation
against electricity and heat.
In the construction of a furnace the points to be noted are
its output, the power, and the type. The relative loss of heat
through the walls is less for a large than for a small furnace
and therefore the charge should he as large as possible, but in
order to reduce the total heat loss, the furnace should be as
small as possible for a stated output. Therefore an intermittent
process, using a smaller furnace, is more efficient than a con-
tinuous process using a large furnace. The shape of the cruci-
ble, theorectically, should he spherical but special requirements
should he met rather than the theoretical considerations. The
lining of furnaces for different ores vary; depending upon the
product desired, the location of the furnace, and the cheapness
of the Lining desired. The linings are made of materials which
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are very refractory and are of three kinds ; acid, basic, and
neutral. The thickness and conductivity of these linings must
also be considered, as heat may be conducted away from the
charge and thus decrease the efficiency of the furnace. The
proper electrodes for each especially designed furnace are very
important. They must be manufactured of such size that they
ran conduct the current necessary and must be of low conduct-
ivity so as not to decrease the efficiency of the furnace by energy
losses within them. All other connections must be well insulated
and jointed so as not to produce any energy losses by setting up
resistances and inductions.
Under the mechanical application of electricity come those
processes in metallurgy which make use of the electrostatic
properties of materials and the electromagnetic properties of
materials. The electrothermic processes are used merely to
obtain heat and the reactions in the charge are due to the in-
fluences of this heat upon the various ingredients of the ma-
terials charged. The electrolytic processes make use of the
electric current and its relation to the chemical properties of the
materials.
AIR PROPELLER LIMITATIONS
By Prof. Morgan Brooks
Everyone watching an airplane in flight wonders how a
propeller so small in appearance can furnish the thrust needed
for driving its plane. The explanation follows directly from
the law of dynamics that the force utilized as thrust is that re-
quired to accelerate a mass of air backward. The propeller en-
gages an astonishing' quantity of air due to its translational
velocity. A column of air 9 feet in diameter and 8800 feet long
weighs about 43000 lbs. at sea level, and a 9-foot two-bladed
propeller actuates about \Q (/< of this quantity or more than two
tons per minute, if the airplane is travelling- 70 miles per hour
with 'S0'/( slip of propeller. If a larger propeller actuating a
greater volume of air were used the thrust would he obtainable
with less acceleration, less slip and higher efficiency.
The evaluation of thrust by calculation is difficult because
the mass actuated by a given propeller varies not only with air
density, a function of altitude, but also because it depends upon
plane velocity and slip; while acceleration, even in uniform
flight and with a propeller of constant pitch, is not the same
for different portions of the blade, due to the fact shown by ex-
periment that both the direction and the velocity of the air
vary from hub to tip of blade. Furthermore it is found experi-
mentally that blades of different widths do not furnish thrust in
strict proportion to their measured areas. Certain approxi-
mate methods of calculating thrust may be quite unreliable.
The necessary equality of the air-propelling force with its
reaction force, the thrust, does not imply equality of the energy
imparted to the air, and lost, with that used in driving the air-
plane forward. Indeed, if this were the fact, propeller effi-
ciency would never quite reach fifty per cent, whereas much
higher values are common, especially at moderate velocities of
flight. While the airplane is essentially a high-speed machine,
velocity being the only means of supporting the weight thru
wing action, excessive speeds require an extravagant expendi-
ture of power, due to air resistance increasing as the square,
and tin- power as the cube, of the velocity. The necessity for
keeping the weight of the airplane power-plant low makes it
advisable to utilize the highest possible rotational speeds for
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engines and propellers. At present, automobile engines are run
at speeds decidedly higher than those prevailing in airplane
engine practice. This is due to the speed limitation of standard
propellers, which seldom run faster than 1400 R. P. M. This
serious speed limitation causes slow-speed engines of undue
weight to be used in direct connection, or else involves the use
of objectionable reduction gearing.
The stresses due to centrifugal force are responsible for the
unfortunate speed limitation of propeller rotation. A 9-foot
propeller running at 1400 revolutions has a peripheral speed
of 40,000 feet per minute, considered near the danger point
of operation, so that propellers of this size are often run more
slowly, especially as it is desirable to speed up the propeller
when flying in the rarefied air of high altitudes.
Large diameter, slow-running propellers are used in diri-
gibles because of their efficiency, but in airplanes their weight,
to get requisite stiffness for the increased bending moment, re-
stricts their use. Small propellers may be run faster, but wTith
the same peripheral speed limit. Small diameter involves a loss
of thrust as well as of efficiency.
Wood is used for propellers because of its inherent stiff-
ness for its weight. Thin metal blades bend under propeller
stresses, and thick ones are too heavy. It would seem that the
use of high grade steel might permit such peripheral speeds
as are now common in turbo-alternator practice, and increase
propeller performance.
While the calculation of propellers is not yet an exact
science, certain aerodynamic principles furnish laws which are
very closely confirmed in practice. These have been developed
from the study of model propellers on static and in wind tunnel
tests. On static test thrust and torque are proportional to the
square, and the power absorbed to the cube of the rotational
speed, all thrust, torque and power observations plotting as
straight lines on logarithmic paper. It is sufficient then to make
one or twro careful tests to determine complete static "curves."
Wind-tunnel tests, representing flight conditions closely, are
commonly supposed to have no definite relation to static tests,
but it can be shown from an analysis of existing data covering
not only air but also marine propeller tests that the running
thrust at any slip is less than static thrust at same speed by the
static thrust at what would be idling speed in flight.
From tests of models the performance of full sized pro-
pellers of similar proportions may be estimated. For the same
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speed an increase of diameter increases the Thrust as the fourth
power of the change, and the power as the fifth power. Thus,
if a model gives 2 ll>s. thrust and absorbs 0.25 h. p. at a certain
speed, a propeller of 3 times all linear dimensions at same speed
would produce a thrust of 162 Lbs. and absorb 61 h. p. This is
on static test, where the volume of air handled varies not only
with the propeller blade area, but also with the pitch. The
acceleration, increased directly with the dimensional change,
makes the thrust vary as the fourth power; and the driving
power, being the product of thrust and velocity, brings in the
fifth power. It is perhaps doubtful whether these convenient
relations can be relied upon for velocities as yet not attained,
for when the speed of air approaches the velocity of sound it is
suspected that these relations become inexact. A single static
test of a carefully made model propeller enables a flying per-
formance curve to be plotted, and the result is not likely to be
found in error beyond what is to be expected from the enlarge-
ment of errors due to inexact measurement of the quantities in-
volved. Certain allowance will have to be estimated for the
effect of head resistance of the wind on engine and propeller,
but this concerns the airplane as a whole.
Starting flight in still air is virtually a static trial of a
propeller. As soon as the plane begins to move or "taxi," slip,
which was 100', at standstill, begins to decrease until it be-
comes constant at about 50'; at the moment when the plane rises
from the ground. While ascending, the slip continues high, but
decreases to a normal of about :>()' , on assuming level flight,
and may be decreased still further by descending. While low
values of slip in flight are accompanied with aerodynamic effi-
ciency, the securing of low values of slip entails the employment
of a large propeller with its objectionable slow speed, and may
add weight enough to offset any gain in dynamic efficiency.
If a propeller is driven by an ungoverned engine, whose
torque is then practically constant, a nearly constant thrust is
automatically obtained for either level or climbing flight, the
speed adjusting itself where the product of thrust and plane
velocity is equal to that of torque revolutions and efficiency of
engine. Constant conditions continue so long as flight is level,
but if it lie desired to climb, plane and engine speeds and power
drop off, tho the thrust remains the same. A portion of the
thrust is now required for giving the lifting component of the
plane's motion, and only the remainder is available for over-
coming air resistance to flight. Slip is increased and efficiency
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diminished. The greater the inclination, the less is the velocity
of flight. The optimum lift angle is soon discovered beyond
which it is impracticable to go. Where special climbing ability
is of paramount importance a powerful engine and an oversized
propeller should be used, conducive to low slip in horizontal
flight. If a controlled engine is employed, torque may be made
to increase while climbing, and the speed may be better main-
tained.
When upper levels are reached, the air becomes rarefied,
less weight of it is actuated by the propeller per revolution, and
thrust is reduced in proportion unless speed of propeller can
be increased. Fortunately the air resistance to flight is corre-
spondingly reduced, but weight of the plane is not diminished,
and speed must be increased to maintain the same stability.
Engine performance is also affected from reduction of oxygen,
unless special means are employed to maintain compression or
to supply oxygen. Because of reduced resistance to flight, max-
imum speed is attained at a considerable height if centrifugal
forces do not limit engine and propeller rotation.
Propellers must be designated for the service they are to
perform. Often when a change of propellers results in greater
plane speed or in saving of gasoline, the discarded propeller is
condemned, when it might give splendid results under suitable
conditions. If a propeller and engine operate satisfactorily on
a given plane under known flight conditions, certain deductions
may be made as to the trend of the design for a propeller for
assumed service changes.
For heavier planes where increased thrust at same plane
speed is all that is needed, multiple propellers offer the simplest
solution. It is evident that thrust may be increased in this way
to any extent by integral steps, the power requirements increas-
ing in like ratio. To double the thrust with a single propeller
requires the following changes, assuming that no change in per-
ipheral speed is to be made, and that the new propeller is to
have the same proportions, that is be precisely similar in design.
The diameter is to be increased by 41.4',, and the revolutions
to be reduced to 71'/, , when the double thrust will lie secured at
same velocity of plane under same slip conditions. The power
requirement is also doubled. The weight of the propeller has
increased in greater ratio, namely by ISO' , , showing that increas-
ing the thrust by using large propellers, if limited by peripheral
speed, is not satisfactory.
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The possibility of helicopter or vertical flight with heavier-
than-air machines has been thesubject of much speculation. This
involves the condition thai thrust must exceed weight, whereas
usual values of thrust are about one-tenth weight. To keep the
power requirement within bounds the lifting speed must be mod-
erate, such as that of a fast passenger elevator, say one-tenth
that of level flight, requiring theoretically the same power as
for level Might. The use of a single propeller of immense diam-
eter is impossible, because its weight would exceed thrust, as in-
dicated in the previous paragraph regarding heavy plane pro-
pellers. The employment of a battery of very small propellers
has been suggested, and offers the only possible solution under
present known means of air propulsion. Since thrust varies
with the fourth power, and H.P. as the fifth power, for reduc-
tion in dimensions without change in rotations, using a propeller
of half standard proportions would give l/16th the thrust and
absorb 1 32d the power, under same slip conditions. Slip would
necessarily be excessive for helicopter flight, and the apparent
gain in efficiency would probably be lost. One hundred and
sixty such propellers would be required to give the estimated
tenfold thrust, the combined propeller weight would be twenty
times the standard, and the necessary framing and gearing ar-
rangements would almost certainly double this weight. The heli-
copter will remain impracticable unless some extraordinary fly-
ing invention is made. The fallacy of direct lifting lies in the im-
possibility of the propeller at the low franslational speeds pre-
scribed by power limitations, engaging enough air to furnish
the thrust, except possibly at nearly 100', slip, when not only
low efficiency comes in, but there is no inherent slip stability in
the propeller action.
For maximum velocity with light airplanes troubles of a
different sort are encountered. If peripheral speed is limited
the blade angle is fixed by the condition that a 45° angle is the
maximum for effective blade action. At 45° angle the advance
of the propeller cutting thru the air, or pitch is equal to peri-
phereal speed. To get action over a blade section, say one foot
in from blade tip, the 45° angle would come at a point on radius
one foot less than blade radius, or at three-quarters peripheral
speed. With a speed limitation of 40,000 feet per minute, the
advance would then be :>0,000 feet per minute. Prom this slip
has to be deducted to obtain maximum flying speed. Assuming
this at 45' , for such extreme conditions, 16,500 feet per minute
remains for flight. This is 187 miles per hour, which can scarce-
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ly be exceeded unless propeller materials permit an increase of
peripheral speed beyond the figure mentioned. Limiting the
activity to the outer foot of the propeller suggests the reduction
of diameter with increase of rotations, and again the use of mul-
tiple propellers to obtain the intense thrust required for such
velocities. As this is approximately twice the speed of normal
flight, the thrust required would be four times normal for the
same plane design. Probably a different plane design would
reduce the demand to three times normal thrust or within rea-
sonable limits. The power for threefold thrust at double speed
is six times normal, and with reduced efficiency inseparable from
excessive speeds, would probably reach 8 times normal for even
a moderate sized plane. Such greatly increased weight of engine
would require a revision of the plane design to carry the excess,
making the problem one of extreme difficulty. When it is re-
membered that a gale does not have to reach 100 miles per hour
to be a hurricane, it will be seen that structural problems far
outweigh the question of propeller performance when 200-mile
flight is contemplated. The beating caused by the impulsive
wind from the two, or even the four-bladed propeller may im-
pose a further limitation upon extremely swift flight.
For moderate flight lower blade angles are used, giving
higher efficiency by diminishing objectionable rotation of slip
stream. The pitch angle must be increased gradually toward
the hub of the propeller, since the velocity due to rotation is
proportional to radius at any point. All designers do not use
the same rate of blade twist that the geometrical relations seem
to prescribe, but place the maximum effort of the blade at the
portion they choose to make most efficient. Beginning with a
small angle, such as 20° at the tip, 45° the usually accepted
limiting angle, will be reached in any design at about one-third
radius. Nearer the hub the blade may show a steeper angle,
but this is to allow the blade to cut through the air with as
little resistance as possible, and is not effective in producing
positive thrust. The portion near the hub is occupied by engine
and fuse'age, so that no thrust could be obtained there in any
case. On static tests the smallest blade angles will give thrust,
but as soon as the propeller is in flight or tested in a wind-tunnel
with air passing the blades, the angle must be such as to cause
the air to receive a backward blow at the given rotations. Too
low an angle will allow the wind to strike the front of the blade
producing negative thrust, that is windmill action, or else the
blade will cut the air edgewise, the condition called idling.
] 1
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Widening of a blade inn-cases its thrust, but this method
h;is proved somewhal disappointing, since a double-width blade
is found qo1 to give double thrust, or equal efficiency. Similarly
increasing the number of blades is slightly less effective than
would be supposed, besides increasing design and storage diffi-
culties.
For prolonged flight, low slip with its inherent economy is
important, while for maximum speed on short runs reduction
of weight by use of engines and propellers of high performance-
weight rating, even if of low efficiency, may be fully justified.
The distance limit of flight is not fixed, but since about 60 lbs.
of gasoline are require to maintain a 100 h.p. engine in action
(me hour, it is seen that a continuous flight of "24: hours is scarce-
ly to be expected with a small airplane. Large planes are in-
herently more efficient but propeller limitations seem to restrict
their size below what might be expected. The use of multiple
propellers may solve the difficulty, and they may be operated as
tractors or as pushers, preferably by separate engines. Dupli-
cation of power installations would be desirable from consider-
ations of safety.
Automobile performance is often stated in terms of miles
per gallon of gasoline. The same method cannot be applied to
air planes since the energy per mile increases with speed, while
with automobiles it is practically constant up to a point where
wind resistance becomes a factor. In flying greatest economy
of gasoline per mile comes at moderate speeds. It is therefore
improbable that trans-Atlantic flight will be accomplished at
speeds above 100 miles per hour until engines of less gasoline
consumption are available.
War conditions have stimulated flight "in ways that are ab-
normal. Stability of planes and reliability have been wonder-
fully improved, so that the dangers of non-stunt flight are small,
perhaps no greater than travel by automobile. With a satisfac-
tory solution of the problem of landing safely upon unknown
ground, airplanes will compete with the railways for passenger
traffic. While operating expenses may remain high, the "over-
head" will be negligible as compared with railways. Commer-
cial flight is no longer a mere possibility, it has become a eer-
taintv.
SOME ASPECTS OF THE LABOR PROBLEM
Gordon Watkins
Instructor in Economics
•'.Of what value to an engineer is the study of labor prob-
lems?" This question, asked recently by one of my own stu-
dents, is doubtless a query in the minds of many students of
engineering. A study of the relations that exist between em-
ployer and employee may seem to have no close connection with
the field of engineering. Yet many graduates of colleges of en-
gineering enter the service of corporations and are called upon
to deal with the problems of labor in industry. For this reason
a knowledge of the several aspects of the labor problem should
prove valuable to such students.
Persons who are not familiar with the fundamental ele-
ments of labor problems are apt to approach the subject with
prejudice and certain definitely formulated notions, rather than
with that broadmindedness which is essential to scientific analy-
sis and sound conclusions. At the outset of this brief discus-
sion, therefore, it would be well for us to bear in mind that the
case of the employee as well as that of the employer deserves
consideration, and that the function of the State in governing
industrial relations makes it an interested party in the condi-
tions and results of the labor contract.
The Nature of the Labor Problem
The relation of labor to industry, and more particularly the
relations that exist between the employer and employed, consti-
tute one of the most difficult problems in the United States to-
day, and it is a problem that promises to grow more difficult
when the war ends and the labor forces regain their pre-war
•status. For this reason it is impossible to state fully the labor
problem within the narrow limits of this discussion.
There appears to be no consensus of opinion among author-
ities in the field of labor problems as to the exact nature of the
so-called "labor problem." Some contend that it is essentially
a problem of organization. The most acute and distressing in-
dustrial relations, however, arise not within the trades where
the labor forces are effectively organized, but rather in those
industries where the employees are unorganized and in many
ways unorganizable. It is in the latter establishments that the
employees are most dependent upon individual bargaining
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power. The economic aspects of immigration and unemploy-
ment arc among the various phases of the labor problem. Nor
must we confuse, as is often done, the labor problem with social-
ism, for the two are fundamentally different. The objective of
socialism is the abolition of private ownership of the instru-
ments of production, while the solutions of the labor problem
do not seek the elimination of the institution of private property
but rather increase of the income, betterment of working condi-
tions, ami shortening- of the hours of labor.
The most pressing aspect of the labor problem consists in
the discovery of the best means of promoting amicable relations
between employer and employee so as to mete out justice to
both, and to enhance the social and industrial efficiency of the
nation by preventing the enormous economic waste and indus-
trial maladjustment that arise out of labor disputes. Success-
ful means of attaining these ends have not yet been devised.
A Question of Rights
A study of the labor problem necessitates a consideration
of individual rights and social justice. At present society is
organized on the basis of private property, contract, and certain
other "inalienable rights" of individuals which are guaranteed
by both Federal and State constitutions. Various interpreta-
tions of these rights have been made by the courts and by indi-
viduals, and many abuses have been practiced in the light of
such interpretations. Both labor and capital have sinned in
their selfish construction of these constitutional guarantees. The
employer of labor has too often looked upon his workmen as so
many commodities and not as human beings. This concept of
labor as a commodity thrived under the institution of slavery,
and the systems of indentured servants and contract labor, but
there is a growing recognition of the fact that the laborer is
more than a piece of property and vastly different from an ex-
changeable commodity.
The time was when contract and property were given prior
claim to the defense of law, and the human individual received
only secondary consideration. But under changing conditions
of society there have taken place necessary alterations in the
law and legal interpretation. Whereas the protection of prop-
erty interests was early recognized as a primary function of
government, only in comparatively recent times has the protec-
tion of labor been viewed as a proper sphere for government
action and as conducive to public welfare. A glance at recent
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labor legislation will show that the human element in industry
is receiving increasing recognition. The laborer is finally recog-
nized as the weaker party to the bargain and now the law seeks
to protect him against his employer who possesses the stronger
position in negotiating the wage contract.
But the so-called "weaker party" to the contract—the em-
ployee—may through effective organization become the stronger
party and prove as despotic and selfish as the unscrupulous
employer, provided opportunity arises for the making of ex-
treme demands upon his employer. That is, the laborer is apt
to forget that the employer has individual rights that should
be respected.
To protect these guaranteed rights and to enforce the ful-
fillment of the obligations consequent upon the possession of
them is one of the several functions of the State. Thus the State
becomes a third party to the labor contract, whose duty it is not
only to protect the rights of person and property and to en-
force the fulfillment of contract, but also to see that contracts
are made under equitable conditions, affording no opportunity
for injustice and exploitation.
The Industrial Conflict
It is important that we consider the advantages and disad-
vantages of individual bargaining and of collective bargaining.
The essential fact to remember in this connection is that the
laborer generally has no property interest in the establishment
where he works or seeks to work. The laborer is in the position
of one who wishes to sell a commodity. That commodity is his
own willingness to work—his own physical energy and intelli-
gence. Furthermore, most laborers must sell their commodity
or suffer permanent loss and face distress for themselves and
their dependents, for few laborers possess a surplus fund upon
which to draw in times of forced idleness. On the other hand
the employer is in no such dependent position, for he owns the
machinery of production and controls the opportunity for work.
He can afford to wait if the wage bargain or the quality of the
individual workman does not suit him. Thus the employed lias
the advantage and the individual laborer is forced to aceepl
the terms dictated by the employer or suffer the consequences.
Having accepted the terms of the contract this condition of de-
pendency acts as a powerful deterrent to the laborer's future de-
mands for sanitarv working conditions, shorter hours, and higher
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wjiiics. Under the svstem of individual bargaining the indus-
trial confliel or labor dispute docs not arise.
Under the pressure of inequality in bargaining power and
its disastrous results the laborer is forced to seek alliance with
his fellows, and to substitute collective bargaining for individual
negotiation. The advantage of collective action gradually be-
came apparent and the trade union evolved as the medium for
organized effort in dealing with the employer. Thus arose by
necessity one of the most feared and effective weapons of en-
forcing the demands of labor. With the development of the
trade union there appears the industrial conflict with its char-
acteristic strike, boycott, and picketing.
The trade union was a new institution with which the courts
were unable to deal successfully and in which the employers
found a powerful opponent. At first prohibited by law as a
combination in restraint of trade and an instrument in disturb-
ing the industrial life of the nation, the trade union gradually
secured Legal sanction. Although the trade union does not dom-
inate the entire labor forces of the world, its membership is
assuming large proportions. In 1912 the membership of trade
unions in Great Britain totalled 2,400,000, with an annual in-
come of $30,000,000. in the same year the trade unions of
France had a total membership of 1,064,000, and Germany
2,500,000. In 1910 the trade union membership in the United
States totalled 2,116,317. Although in each of the countries
cited organized labor comprises only a small fraction of the
wage earners, it is a significant fact that laborers the world
over are recognizing the value of collective action in bargaining
with the employer.
Demands of Employers and of Employees Summarized
In so brief and elementary a statement as this there is space
only for a summary of the demands of the parties to the indus-
trial conflict. The demands of labor are: the right to organize
for protection, a shorter work day, equality before the law, a
living wage, abolition of child labor and sweatshop industry,
better conditions of work, restriction of immigration, employers'
liability, and old age pensions. The reader will readily see the
reasons for these demands. The employer's demands are: the
righl to se'ect labor in the open market without the restriction
of the closed shop, the right to pay wages according to the pro-
ductive efficiency of the worker, the legal responsibility of labor
unions for their actions, a fair day's work for a fair day's pay,
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abolition of restriction of output by emplof ees, and compulsory
fulfillment of labor contracts. To enforce their demands labor-
ers find the strike, boycott and picketing among the most effec-
tive weapons, while over against these the employer finds em-
ployers' associations, the lock-out and the black list the best
means of defense. To prevent the disruption of the industrial
life of the nation resulting from labor disputes, the State steps
in to establish industrial peace through voluntary or compulsory
arbitration, compulsory investigation of the facts in the case,
the improvement of working conditions, the shortening of the
work day, the payment of higher wages and, for some trades,
the payment of a minimum wage. To further the cause of in-
dustrial peace and the welfare of the laboring masses the State
excludes certain undesirable laborers and restricts, through the
requirement of the literary test, certain other immigrants who
are apt to prove unwelcome competitors in American industry.
Southern European immigrants have proved difficult to organ-
ize and their standard of living is so low that they can underbid
the native American workmen, accepting a lower wage, poorer
working conditions, and longer hours. To eliminate the ex-
ploitation of the unemployed by private employment agencies,
many states have established free public employment bureaus.
In these and many other respects both State and Federal gov-
ernments are trying to solve the labor problem and so to equalize
the bargaining powers of the parties to the wage contract.
The Labor Problem of the Future
No one who observes the development of the industrial re-
lations and political movements during the present war will fail
to recognize the new character of labor's demands. Whereas
previously laborers made necessity and efficiency the basis for
their demands upon the employer, there is now an increasing
emphasis upon the demand for a larger share of the produced
wealth of the nation, or more particularly the profits of indus-
try. This does not necessarily mean a movement toward a so-
cialistic state with its abolition of private property, but rather
toward a living wage—a wage sufficient not only for the bare
necessities of life such as food, shelter, and clothing, but a sur-
plus for education, recreation, and leisure.
The present war has intensified labor's consciousness of its
collective power and of its indispensability to the welfare and
progress of the nation. This new realization of its strength has
not made labor unpatriotic. In general, the mass of American
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laborers have been loyal to the government. As Samuel Gomp-
ers puts it, "The working people of this country believe and are
justified in believing that this is a people's war, a war in which
tin- principles and ideals of the United States are involved and
in which none are more vitally interested than the men of labor."
But, he adds, "The time has come when the workers intend to
have a voice in industrial affairs as well as in the government."
This same opinion is expressed by the editor of a conservative
Chicago daily in the following words: "Labor is to have a far
greater share in the control of the affairs of industry than in
the past, and its demand for acceptance of the right of collective
bargaining, for progressively better conditions, for more secur-
ity and more voice in the common enterprise, ought to be heard."
During the war the profits of industry have been enormous and
there is no reason to believe that industry in the United States
will <>row decreasingly profitable. Is labor entitled to a share
in these excess earnings of industry? This is a question that is
being asked with increasing frequency and the attention of the
state and of the employer is being gradually given to it. The
answer of the worker is evident. Both employer and employee
must approach the query with common sense and endeavor to
reach an understanding that will be acceptable to each. It is
hoped that a solution will he found which will prevent unneces-
sary industrial unrest and disruption which invariably result
in great economic waste and social maladjustment. Such a
peaceful solution is not posshYe, however, if employees seek a
larger share of the earnings of industry where no such excess
profits exist. On the other hand, a solution will be equally im-
possible if the employer whose net earnings are excessive fails
to recognize the just demands of his workmen. In either case,
no doubt, the government will be forced to interfere to guarantee
fairness to both and to prevent exploitation by either party.
Employers are a' ready doing much by way of welfare work,
better conditions of labor, and increase in wages, but much re-
mains to he doit".
Because of the many aspects pointed out above, and because
of many other e'eineiits in the problem upon which we have not
touched, and in view of the increasing industrial and political
power of the laboring masses throughout all advanced nations,
the labor problem of the future promises to be more, rather
than less complex. Students trained in technical- fields who later
enter the service of business enterprises will be called upon to
aid in the readjustment of industrial relations.
WIRELESS APPARATUS OF THE SIGNAL CORPS
R. K.Newton, E. E., '18
The Signal Corps lias installed 10 stations in Alaska, rang-
ing' in size from 1KW to 10KW. In the Philippines, stat ;ons
are used which range in capacity up to 10KW. In the United
States a 1KW or 2KW set has been installed in several of the
coast artillery districts; a 3KW set, at Forts Wood, Omaha, and
Riley. Sets up to 5KW have been installed on 14 transports
and 3 cable ships and sets ranging from 1/8KW to 2KW on
harbor boats assigned to Coast Artillery districts that have a
shore station.
All the Alaska and Philippine stations except one have
their generators driven by gasoline engines. The Coast Artil-
lery station generators are motor driven, also the generators on
the harbor boats. Forts Omaha, Riley, and Leavenworth are
operated direct from the city power.
The Two Types of Portable Field Sets which have been is-
sued by the Signal Corps are
:
1. The smaller size which has a range under normal condi-
tions of 25 miles over land and 110 miles over water,—using a
100 ft. mast. This is called The Pack Set.
2. The Field Wagon Set is a 2KW set and is carried on
two wagons called pintle wagons.
a. Wagon, part one—engine and generator.
1). Wagon, part two—The sending and receiving instru-
ments.
The range of this set is from 75 to 800 miles, varying with
the weather conditions.
A brief description of the necessary instruments used in
wireless telegraphy will not be out of place at this time, and I
will try to describe the practical operation of these instruments
in the following order
:
1. Transformer,—high tension.
Sending 2. Spark gap,
—
quenched and rotary types.
Instruments 3. Condenser,—oil immersed or vacuum.
1. Oscillation transformer,
—
1. Receiving tuners,—different types.
Receiving 2. Variable condenser.
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[nstruments 3. Fixed condenser,—how capacity varies with re-
sistance of head phones.
4. Dectors,—different types and principle of op-
eration.
Sending Instruments
1. The high tension transformer used in wireless usually
has a secondary voltage of about 20,000 to 40,000 volts and is
built as compact as possible.
2. The quenched spark gap consists of a number of metal
disks separated about .01 of an inch by mica washers so the
spark may jump between these gaps in succession. The surfaces
of the metal disks must be absolutely parallel to insure perfect
sparking conditions.
The rotary spark gap consists of a wheel on the periphery
of which is fastened studs which rotate very rapidly between
a spark gap which is pulled apart far enough to allow this wheel
just to clear the electrodes. The speed of this wheel usually is
about 5000 R.P.M.
3. The sending condenser is built of glass plates coated
on both sides with copper sheeting. The whole is immersed in
an oil bath or as in some condensers, in a receptacle from which
the air has been exhausted. This type of condenser is very effi-
cient for wireless.
4. The oscillation transformer consists, in its simplest form,
of two pancake helices which are mounted parallel to each other
with an axis passing thru the center of each. This allows one
of the helices to be moved toward or away from the other helix
thus permitting coupling of the sending system. Usually copper
strip is used in the construction of the instrument but copper
wire of large cross section may be used instead of strip,—large
surface is what is required.
Receiving Instruments
1. The receiving tuners are divided into two types, namely,
the close coupled tuner and the loose coupled type. The close
coupled tuner is simply a tuning coil which is a round mandrel
wound with wire of size about No. 24 B.S., and taps are taken
off for instance, every ten wires, or turns,—then every turn for
ten turns and the leads brought out to multipoint switches. In
this way, very accurate tuning may be accomplished by using as
many '"ten turns*' as are necessary then cutting in any number
of turns up to ten. It is seen that in this way any number of
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turns may be cut in the circuit. In some cases, sliders are used
to cut in or out turns on the coil, but this method is gradually
being abandoned because of the poor connections which are sure
to occur in the slider, also the slider will tend to cut the wires
as they are of small diameter.
The loose coupled tuner is similar to the close coupled tuner
with the exception that the winding is cut in two and the second
part is wound on a smaller tube which is moved in and out of
the larger coil. Taps are taken off the secondary similar to
those on the tuner. By means of the movable coil, it is possible
to vary coupling between the two coils.
2. The variable condenser used in wireless consists of metal
plates which slide so as to mesh without touching each other, the
space between the plates being about one-sixteenth of an inch.
By means of a scale on the top of the condenser, the degree of
capacit}' in the circuit may be easily noted.
3. The fixed condenser consists of two small pieces of tin-
foil separated by a piece of paraffined paper and rolled into as
compact a space as possible. The capacity of this small stopping
condenser, which is shunted across the head phones, varies in-
versely with the resistance of the phones.
Head phones of high resistance are employed in this con-
nection as great sensitiveness is required to utilize the very weak
currents in the receiving circuit. Resistance of the phones is
about 2000 ohms.
4. The dectors used in wireless most, are, in degree of im-
portance, the audion, perikon (zincite and chalcopyrites crystals
held in contact), galena (lead sulphide), silicon, and carborun-
dum.
Details op Signal Corps Outfits
The Field Wagon Set is of Telefunken make and is a two
wagon set of 2KW capacity.
The engine supplied with this set is : single cylinder, water
cooled, normal speed 1500 R. P. M. The speed is controlled by a
tachometer on the engine.
The generator is of the inductor type with field and arma-
ture winding stationary, hence no brushes or sliding contacts
to cause trouble. The normal voltage is 85 volts, while the
exciter is a low voltage D.C. machine. The connection between
the two wagons is made by an armored, four conductor cable
arranged to be plugged in at both ends.
The voltage must always be kept at 85 volts but for greater
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selectivity, the frequency may be altered by changing the speed
of t he alternator.
The closed oscillating circuit consists of the following:
1. Glass plate condenser.
2. Quenched spark gap.
3. Loading coil and Variometer.
The variometer is common to both open and closed oscillat-
ing circuits and is changed by means of a two-pole double throw
switch.
The open circuit oscillatory circuit consists of the following
instruments and apparatus:
1. Aerial.
2. Loading Coil.
3. Plug for cutting in proper coils.
4. Aerial Variometer.
5. Variometer common to both closed and open oscilla-
tory circuits
6. Hot wire ammeter.
7. Ground.
8. Antenna.
For this set, an antenna is used which has a natural wave
length of 450 meters and capacity of .0011 mfd. It is found that
with a mast 80 feet high and rubber covered counterpoise, that
this set works best at about 1000 meters and when the hot wire
ammeter registers 7 1/4 amperes.
Coding op Wave Lengths
The great advantage of this set lies in the fact that any de-
sired wave length from 675 to 2220 meters can be sent at will.
To use code work in this connection, the words are sent at dif-
ferent wave lengths. Setting of the variometers and condensers
are all tabulated for best radiation at different wave lengths and
in this manner two operators may send a message,—constantly
changing their wave lengths and thus deceive the enemy.
Xo specific data could be found regarding' the quenched
spark gap more than the disks were separated about .01 of an
inch.
Receiving Circuit
In this set, a very simple hook up is used. The (lector
used is the iron pyrites type With the switch thrown
to long waves, the best results may be had with small
number of degrees of the variable condenser cut in, and a large
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amount of the primary winding cut in and vice versa with the
switch thrown to short waves.
A change of the coupling changes the wave length, though
not as much as by varying condenser (variable).
By means of a wavemeter, the receiving circuit is calibrated
so as to correspond to certain wave lengths sent out by the send-
ing station. Thus if the receiving condensers and tuning coils
are calibrated according to the wave meter, and a table of neces-
sary positions of pointers on the tuning devices compiled, an
operator can quickly adjust the set for different waves and
thereby carry on code work with the sending station.
There are two complete receiving sets with each wagon,
though only one is used ordinarily. Two messages from different
stations may be copied from the same antenna without either
operator hearing the message copied by the other. There are two
sets in parallel connected to the antenna and usually two oper-
ators are employed,—one on each set.
Example : The code agreed upon includes all waves be-
tween 900 and 2150 meters. The first word will be sent at 900
meters, the next at 2100, followed by 1500, 1850, 1050, 2000
meters, etc.
a. Operator 2 plugs in on his primary at 900—1410
meters, couples his tuner as close as possible, throws his switch
to long waves. He can now tune his set to any wave between
900 and 1410 meters merely by turning his variable condenser
through 180 degrees.
b. Operator 1 throws his switch to long waves and plugs
his primary coil in 1270 to 2150 meters and makes other adjust-
ments as does operator 2. He can then reeeive waves from
1270 to 2150 meters.
From table 2, each operator by adjusting the condenser of
his set, reads alternate words of the code, each being at different
wave lengths.
One operator may be used if he places a receiver from one
of the parallel receiving sets on one ear and likewise for the
other receiving set. With little practice, one operator can be-
come very proficient with two sets.
Pack Sets of Signal Corps
The pack sets used in the U. S. Signal Corps are designated
as such because they are carried around on mules.
The aerial consists of the following parts
:
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The sectional mast is made up of 14 sections each of which
is 5 feet, 2 inches Long, including the coupling tube.
If) sections are used for the mast.
•'! sections are used for shelter tent when erected.
1 section is for use in case one of the others becomes dis-
abled.
The antenna is of the Umbrella type with four radiating
wires 85 feet in length. The counterpoise or "ground" is com-
posed of four insulated wires which radiate over the ground
from the bottom of the mast. Bach of these wires are 100 feet
long. Both the counterpoise and the antenna are carried on
reels.
The generator for this set is hand driven; 18 pole A. C,
having an intermittent output of 250 watts at 110 volts. At a
speed of 3333 R.P.M., it delivers current at 500 cycles. It is
excited from a small shunt wound D.C. generator direct con-
nected to the alternator shaft.
The exciter has 2 poles and delivers D.C. at about 100 to
150 volts. The whole machine is driven by 2 handles which
should be turned at a rate of ,35 R.P.M. to give 3333 R.P.M. of
the armature. The gear ratio is 100 to 1. The whole generator
is enclose in an aluminum case to protect it from dirt. A fly-
wheel is attached to the shaft to give constant speed of the arma-
ture which is very desirable in a machine of this character.
There is mounted on the upper part of the gear case a speed
indicator which is in plain view of the men who are driving the
machine. This speed indicator is for the purpose of showing to
the men turning the crank the variance from the correct speed
to give the 500 cycles. All the shafts are mounted in ball bear-
ings and run in oil to make the turning of the crank as easy as
possible.
The leads from the armature are direct connected to the
transformer primary. The sending key is in the circuit with the
alternator fields and exciter armature. It is seen that the only
load on the alternator is the exciter field except when the key
is closed. Investigation has shown that twice the output of for-
mer machines can thus be obtained with practically no more
tiring effect on the men turning the crank than before.
The operating chest contains the sending and receiving
apparatus.
The quenched spark gap is composed of several copper
disks separated by mica washers .01" thick. The gap must be
kept cool because if it gets hot, the sending current will drop
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about 40 c/<
.
There is an adjustable clip for cutting in or out
gaps according to the number that are badly pitted and are work-
ing unsatisfactorily.
When the set is properly tuned, the hot wire ammeter Should
read between 2.2 and 3.0 amperes. If the ammeter reads low,
then the coupling is too close or circuits are not is resonance.
The receiving circuit contains a tuner (inductively con-
nected transformer)
;
perikon dector, condenser and phones.
The antenna circuit contains the antenna loading coil, series
condenser and counterpoise.
For receiving short waves, the fixed condenser is put in
series with the coil by throwing the switch to "in," and for re-
ceiving long waves, the reverse is true.
Tent for Pack Set
The tent is made of light material and three of the mast
poles are used to support the tent. A square rubber sheet about
one foot square is inserted in the end of the tent thru which to
run the aerial lead, in wet weather.
Packing the Set
Normally the set is packed on three mules but in case of
emergency, it may be packed on two mules. When packed on
two mules, one mule carries the generator and ten poles, while
the other mule carries the operating chest, 4 sections of mast,
antenna, counterpoise and the tent.
Summary
These sets have been tried over large areas and are very
carefully designed to operate under all conditions which in case
of military work, is an absolute necessity. The sets are made
as compact as possible and as efficient as possible and for their
size, I think they are as efficient sets as may be found anywhere.
THE DUTY OF THE ENGINEER
Charles Clakahan, Jr., R. C. E., '18
The faults of our present economic and sociological con-
ditions may be shown to be due, in a large part, to the neglect of
engineers and scientists to consider the effects upon society of
the system of individualistic capitalistic production which they
have created. This system is the result of the discoveries of
scientists and the applications by engineers of scientific laws.
Let us first consider the condition of society in the period
before the industrial revolution of the eighteenth century. It
must be admitted that many of our luxuries and comforts were
not to be purchased at any price and that some of the things
we consider necessities were luxuries or were not in existence.
The automobile, the steamship, and the railway were not upon
the earth. An effective steam engine had not been designed
nor built. Mails were uncertain. Newspapers were scarce and
the number of books in existence was very small. Production
was carried on largely in the homes of the laborers or at the
homes of the employers. Farming and stock raising were the
chief occupations of man. Nevertheless, the wealth was more
evenly distributed than at present. Life in those days, as .we
look back, seems to have been easier, happier and more care-
free.
The influence that directed the thoughts of men toward
science was that of the Renaissance, a period of rebirth not only
of the arts but also of the sciences, of the scientific spirit of
tlie Greeks. The clear analytical method of deducing natural
laws from the common effects, from the effects that we see every-
day, appealed to the mind of the English. They started to re-
discover some of the forgotten laws of nature and to discover
new applications of these principles. The effect of this spirit
was felt by the textile industries first. In 1764 Hargreaves in-
vented the spinning jenny. In this and the next decade, other
spinning machines were perfected by Arkwright and by Cromp-
ton. Water power was used to operate these machines for sev-
eral decades. In 1781 Watt made a steam engine, a pumping
engine, that would operate effectively. Naturally the steam en-
gine was soon used to run the spinning and weaving machines.
In 1807, Fulton operated his first steamship on the Hudson.
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In 1830, the locomotive was perfected by Stephenson. From
these two inventions were developed our modern methods of
transportation. The discovery of the methods of manufacturing
steel, the Bessemer and open hearth processes, facilitated the
construction of highly complex machinery of many types. The
factory system characterized by the division of labor became the
chief method of production of form utilities. The engineer and
the scientist may claim the glory of making these machines.
They have supplied society with effective agents of production
but an economic system has two parts, production and distri-
bution. Let us examine the system of distribution and try to
determine whether it is as good as the method of production.
Although it is admitted by almost everyone that the system
of capitalistic production is the best arrangement, although few
of us would care to return to the days before this era, it is not
generally admitted that the system of distribution is in any de-
gree fair and just. If it is not it seems that the engineer may
have harmed the welfare of humanity, unintentionally. At any
rate it appears that he has not completed his task of making the
world a better place in which to live. Some of the best author-
ities agree with Professor Haves' statement that "more than
half of the wage earning men in this country receive an income
that will not support a family, according to any tolerable stand-
ard of living. ' ' Take note that this tolerable standard of living
is merely the standard of living that will permit the laborer
to keep himself and his wife in good physical condition that they
may work well and to keep his children in such condition that
they may become healthy workers. Moreover, it is believed by
many that the actual standard of living of the laborer has been
decreasing during the last two decades. Clearly something is
wrong unless the other half of the population receives but little
more than that standard. We find however that two per cent
of the people of the United States own about three-fifths of the
property. It therefore appears that there are faults, inequalities
in our system of distribution that are worth remedying. Let us
see what the income of one multimillionaire can do. There are
a number of men that receive an income of $5,000,000 a year.
This amount would raise the wage of 100.000 families from
$600 to $650 a year. By the way, $650 a year is often taken as
the absolute minimum of the living wage of a family. The in-
come of one of these men would benefit greatly half a million
people by allowing them a comfortable existence instead of a
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wretched one. It appears obvious to me at least that a portion
of this man's income should be redirected, should be distributed
among the poor. If half of the people of the United States can-
not Live decently it seems that the engineer may not have made
the world a happier place in which to live. He has done but a
pooc job.
Since it appears that the men of our profession have not
finished the task they endeavored to perform, let us try to com-
plete this task. Let us study the problems of society during
leisure moments and endeavor with all our ability at least to un-
derstand the defects of our society and some of the means where-
by suffering may be reduced. Those of us who have more time
may be able to use the power of analytic thought that we have
acquired at the University to discover new remedies for our ills,
new means to better the condition of the man upon whose well
being we all depend, the common laborer.
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EDITORIAL
In the building plan of the greater University of Illinois,
we hope that there will be included a design of an Engineering
Library. Since the establishment of the present library, the
desire of the engineers to read other technical books than those
included in the requirements of their courses has been mani-
fested in an increasing degree semester after semester. Al-
though established but two years, the library has stimulated a
better, more rational attitude towards the work of undergradu-
ate days. The need for the combination of the department
libraries has been noticed by many, especially by those of us
who are architects, railway engineers or mining engineers. As
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present this union is not possible because of the limitations of
shelf space A library of this kind should not only have ample
space for bookracks but also for tiling cabinets for blueprints
and for photographs of minor as well as of great engineering ac-
complishments. The atmosphere of such a library would be
more conductive to hard work than that of the Main Library
especially in the evening. The need for our library is apparent.
An appropriation by the legislature for this purpose should be
easily obtained.
In the bachelor's theses reposing calmly and sedately with-
out fear of disturbance in the Main Library, is buried a mass
of knowledge that might be made accessible to the undergradu-
ates. The information contained therein is correct and reason-
ably up-to-date. Such theses as Comstoek's on Sections of
Bridge Members, Conley's on the Organization of Track Gangs,
and (lerten's on Labor Problems will not become obsolete for
years. A number of the engineers, especially the Seniors, would
like to make copious notes from these theses but at present the
difficulties appear too great to permit us to do so, if we con-
sider the small amount of time at our disposal. The difficulties
would be abolished if the theses were moved to the Engineer-
ing Library and the restrictions upon their withdrawal were
cancelled.
In this issue of The Technograph and in the May number,
a new policy will be attempted. Because it is the belief of the
Editor that engineers should know more about economics and
sociology, a number of articles dealing with these subjects will
l>e printed. Because he also believes that The Technograph
should contain articles by student engineers rather than essays
upon engineering written by instructors, the majority of these
articles will be written by students. This does not mean that
their- value will be less for some of the engineers have a fair
grasp of the fundamentals of sociology and economics. There
are some socialists and syndicalists among us and these men
as usual have a thorough knowledge of the faults of our society
although it may be that their remedies are wrong. This issue
contains an article by Mr. Watkins of the Economics Depart-
ment upon the problems of labor. Any comment that any one
cares to make upon the statements in this article will be wel-
comed and will lie printed if it seems desirable.
BOOK REVIEW
"A Treatise on Roads and Pavements" by Ira 0. Baker
3rd Edition—John Wiley and Sons—$5.00
A third edition of Professor Baker's well-known book on
"'Roads and Pavements" has just been published. It possesses
the carefully considered organization that is so noticeable in his
other books, a feature that distinguishes these volumes of his as
does the good English used, from the treatises written by other
engineers. But few men are as careful to organize their experi-
ences and their knowledge in such a thoroughly practical man-
ner. The correctness and preciseness of the English used by
Professor Baker are ample proof that his lectures to his students
upon the desirability of the use of good English and the good
use of English have a basis of truth discovered in his own prac-
tice.
As far as the technical knowledge contained in this volume
is concerned, we know of no man who would alter the statements
contained in his work. The chosen field has been well covered
for he treats of both country roads and city pavements. Every
type of pavements is thoroughly discussed with due emphasis
upon the construction, maintenance, economy, and advantages
and limitations of each.
The mechanical bookwork has been well done. The binding-
is sound; the paper and type are good; and the quality of the
illustrations is splendid.
A cigarette is a perfect type of a perfect pleasure ; it is
exquisite and it leaves one unsatisfied.
—Oscar Wilde in "The Picture of Dorian Grey.
Why am I sorry, Chloe? Because the moon is far:
And who am I to be straightened in a little earthly star?
—Ernest Dowson.
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A NEW CALCULATING DEVICE
Louis H. Beaidry, Chem. '20
Dr. Horace G. Deming, Associate in Chemistry, lias re-
cently perfected a new calculating device which is unlike in
many respects the present calculating machines based upon the
principle of addition and substraetion of logarithms. For years
he lias been endeavoring to find a new calculator that would
facilitate the solution of chemical formula?.
To this device has been given the name of Nomon which
signifies a nomographic reckoner. It will multiply, divide,
square, cube and extract square and cube roots, giving results
to four figures with an average error of one unit in the fourth
place. This accuracy is equal to that of a twenty inch slide
rule.
The Nomon consists of eighteen charts bound in a flexible
cloth cover. On the left hand side of each section is placed a
principal scale and on the opposite an inclined scale. Between
these two scales are nine intermediate scales numbered from
one to nine inclusive.
To multiply two numbers together, find one of them on
the principal scale on the proper page as indicated by the first
digit and find the other on the inclined scale, after having drop-
ped the first significant figure. A straight edge is placed
through these points and the product read where the straight
edge crosses the intermediate scale labeled with the figure that
has been dropped. For instance, to multiply 2489 by 5689, find
2489 on the principal scale and 689 on the inclined scale. Then
read the product at the crossing of the hair line on scale 5. A
flexible celluloid strip bearing a fine hair line serves as the
straight edge. Division is of course the converse of multipli-
cation and is performed by a complementary procedure. Two
extra scales near the principal scale, lettered S and C serve as
the square and cube scales respectively. By more complex oper-
ations it can be made to solve very complicated formula? involv-
ing even addition and subtraction.
The important advantage of the Nomon is that it may be
adapted very readily to individual requirements by inscribing
special factors along the margins of the chart. It is in addition
very accurate and inexpensive. It is not intended as a substi-
tute for a slide rule or any other calculating device but it is
expected that it will find a sphere of usefulness all its own.
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GEORGE ALFRED GOODENOUGH
Dean C. R. Richards
Twenty-one generations of engineering students at the Uni-
versity of Illinois have come under the inspiring and kindly in-
fluence of George Alfred Goodenough, Professor of Thermody-
namics. Since coming to the University of Illinois I have met
a good many graduates of the College of Engineering who have
testified to their appreciation of Profesor Goodenough 's teach-
ing and of his friendly interest in their work as students, and
in their careers since graduation. The affection and esteem in
which Professor Goodenough is held by these men should be
an inspiration to other teachers, since it illustrates in a striking
manner the opportunities for useful service which come to all
teachers.
Professor Goodenough 's success as a teacher is based upon
thorough preparation in the subject which he teaches, and great
enthusiasm in his presentation of the subject in the class-room.
More, perhaps, than this, he is a man of the broadest human
sympathies. In his relations with his students and with his col-
leagues, he is charitable of their opinions and considerate of
their feelings. A student who appeals to Professor Goodenough
for advice or assistance may feel sure that his problems will be
considered fairly, and that the advice or assistance rendered will
be the best that he can give. In the same way in his relations
with the members of the faculty, I have found his judgment is
always highly regarded, for he has the ability to present his
ideas in a clear, logical, dispassionate and convincing manner
which carries with it his sincerity and honesty of purpose. He is
often able by his keenly humorous presentation of his views, to
relieve a situation which may have become tense as the result
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of differences of opinions in the debate of a committee or of the
facility.
Professor Goodenough is the sort of a man we all regard as
the ideal type of faculty man. He is interested in his work and
in his students. He is a productive scholar and a good commit-
teeman, and he is interested in a great many of the outside
activities of the students. Thus, for many years he has been a
member of the Athletic Board of Control, and he is now Chair-
man of the Semite Committee on Athletics. Although not much
of an athlete himself he has always been intensely interested in
college sports, and he has done much to develop the students'
ideals concerning the ethics of intercollegiate competition and
of clean sport. For many years he has been the representative
of the University of Illinois in the so-called Big Nine Conference.
In addition to his membership on the athletic committees,
Professor Goodenough is a. member of the Illini Publishing
Company which has control of a majority of the student publi-
cations. In this position he has helped to develop a high stand-
ard in college publications and greater attention to the problems
of the business management of these enterprises. Last but not
least, Professor Goodenough is a member of the University Com-
mittee on Discipline for Men, a position for which he is peculiar-
ly well qualified on account of his ability to consider with calm
deliberation the cases brought before this committee. A student
who is unfortunate enough to be called before this committee
may feel sure that he will receive fair treatment and that final
action will be impartial and based upon the evidence which has
been presented.
Professor Goodenough was born at Davison, Michigan, on May
3, 1868. He became a student in Mechanical Engineering at the
Michigan Agricultural College in 1887 and received the degree
of Bachelor of Science from that institution in 1891. In 1891
and L892 he took graduate work at the University of Michigan
and in 1900 he received the professional degree of Mechanical
Engineer from the University of Illinois.
Following his graduation from the Michigan Agricultural
College, he remained there for two years as Instructor in Me-
chanics. He was connected with the International Correspond-
ence Schools of Scranton, Pennsylvania, from 1893-95, preparing
text-books in various branches of engineering. After Professor
L. P. Breekenridge came from the Michigan Agricultural Col-
lege to the University of Illinois as Head of the Department of
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Mechanical Engineering, he invited Professor Goodenough to
become Instructor in Mechanical Engineering at this institution.
Professor Goodenough filled this position from 1895-97, after
which he returned to the International Correspondence Schools
in an editorial position which he held for two years. In 1899 he
was prevailed upon to return to the University of Illinois as
Assistant Professor of Mechanical Engineering. In 1906 he was
appointed Associate Professor of Mechanical Engineering and
in 1911 he became Professor of Thermodynamics. After Pro-
fessor Breckenridge 's resignation in 1909, Professor Goodenough
served for two years as, Acting Head of the Department of
Mechanical Engineering.
He is a member of several college organizations including the
Phi Gamma Delta Fraternity, the Tau Beta Pi, Pi Tan Sigma
and Sigma Tau, honorary engineering societies, and the Sigma
Xi honorary scientific society. He is also a member of the Society
for the Promotion of Engineering Education.
I have already mentioned that Professor Goodenough is an
ideal type of faculty man. In addition to his success as a teach-
er, he is recognized as one of the most productive of our scholars
in his contributions to the literature of engineering. His chief
interests have been in the theoretical problems of engineering
science, and he has devoted much of his time to the study of
higher mathematics, mechanics and thermodynamics. He is one
of the foremost authorities in thermodynamics in America, and
he has usual ability in presenting this difficult subject in such
a clear logical manner that even the student of average ability
may acquire considerable enthusiasm for the work.
In 1908 in collaboration with Dr. E. J. Townsend, Professor
Goodenough published a book entitled "First Course in Cal-
culus" and two years later he published a book on "Essentials
of Calculus," which is now used as a text in the University of
Illinois. In 1911 his book on "Principles of Thermodynamics"
was published, and it lias since come to be extensively used in
the better technical schools of America. In 1915 his book on
"Properties of Steam and Ammonia" was published and it is
now regarded as one of the standards for use in computations
involved in steam engineering and in refrigeration.
In addition to the books which Professor Goodenough has
published, he has contributed a number of excellent hullct ins
to the list of those issued by the Engineering Experiment Sta-
tion. In 1906 in collaboration with Professor L. P. Brecken-
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ridge, he prepared Bulletin No. 9 entitled "An Extension of the
Dewey Decimal System of Classification Applied to Engineering
Industries," which was revised in 1912. This bulletin has been
used extensively as a means of tabulating and classifying mater-
ial for convenient reference. In 1908 in collaboration with Pro-
fessor I j. B. Moore, he prepared Bulletin No. 18 entitled "The
Strength of Chain Links." This has come to be recognized as a
standard treatise on the subject, and it has been the basis of
the design of chain links since its publication. In 1913 in col-
laboration with Mr. W. E. Mosher, he prepared Bulletin No. 66,
entitled '"The Properties of Saturated and Superheated Am-
monia Vapor." In this bulletin, for the first time, there were
brought together all of the existing data concerning the prop-
erties of ammonia vapor. After a careful analysis of these
properties and of the application of thermodynamic principles,
it became possible to devise formulae for the calculation of the
several essential properties of the saturated and superheated
vapor of ammonia, from which were calculated tables which are
now very largely used by engineers who have occasion to deal
with problems in mechanical refrigeration. In 1914 he prepared
Bulletin No. 75 entitled "Thermal Properties of Steam." This
bulletin presents a careful investigation of the existing experi-
mental data regarding the properties of water and steam, and
this together with Bulletin No. 66 became the basis for the pub-
lished volume of tables on the properties of steam and ammonia
of which mention has already been made.
Professor Goodenough has also contributed to a number of
standard engineering reference books. He wrote a section on
Thermodynamics for the "Civil Engineers' Pocket-Book,
'
'
which
was published a number of years ago. Recently he prepared a
section on Thermodynamics for the "Mechanical Engineers'
Handbook." In addition to the books, bulletins and articles
specifically mentioned, he has contributed numerous scientific
papers to the proceedings of engineering societies and to the
technical press. During his connection with the International
Correspondence Schools, he was responsible for the preparation
of a number of text-books used by these schools.
ENGINEERING IN THE NEAR EAST
E. 0. Jacobs, '07
A Great Past
If ever a people were heirs to an inspiring past, surely the
Turks are such a race ! In military affairs they have prede-
cessors like David, Xerxes, Alexander the Great, Constantine
and Saladin ; in art and civilization, they came into the heritage
of the progress of a score of great peoples ; in the field of re-
ligion, they have occupied the birth places of all three of the
faiths that have refused to be bounded by national limitations,
and have persistently reached out for world conquest.
Ancient Fortifications
In such a resume, engineering would seem a mere detail. Yet
what a story could be told of genuine engineering triumphs
achieved by the ancients against difficulties and in the face of
limitations, of which we can form only the faintest idea ! Think-
ing of their walls and fortifications, my mind runs back at once
to a number of pictures that never cease to astound. There is
Aleppo, characteristic of a whole series of Syrian fortresses, a
mound literally scooped out of the surrounding plain, with its
circumference paved with granite blocks so carefully matched
and fitted that it has remained for the vandals of the present
century to pull them out in order to build them into houses.
Not less remarkable are the medieval fortresses of such places
as Diarbekr, Jerusalem or Urfa, so stalwart that they have never
been completely broken down, and so beautiful that today they
are an inspiration to the comparatively unimaginative Armen-
ian and Arab. Even more remarkable are the walls of Con-
stantinople, in many places eighty feet thick and with a circum-
ference of more than ten miles. When we think of the triumphs
of Mohammed the Conqueror, we imagine an army of sturdy
Turks overcoming a horde of effete Byzantines. As a matter of
fact, he did have a great army, and his quarter or half a million
men were equipped with the very best that the sciences of that
age could furnish. Opposed to him were but eight thousand
starving Greeks; yet they held on for months, and it was only
when "the biggest gun in the world" (built by a Hungarian
engineer) battered a breach in the walls, that the Turks were
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able to force an cut ranee into the Imperial City over the bodies
of their Christian opponents, not one of whom allowed himself
to be taken prisoner.
Going on to the question of transportation, we think at once
of the old Roman roads, and I can testify from what 1 saw of
them myself that their reputation rests on a good foundation.
Even today some of them are in use, and that in spite of an
almost absolute absence of repair during all the six centuries
they have been held by their present owners.
Water Supply Two Thousand Years Ago
Water was one of the prime sources of anxiety in all ancient
cities. To what lengths did those dauntless men not go in order
to secure an adequate supply! Take, for instance, the canal
which brings drinking water into Van ; it is so hoary with age
that the builder is unknown, although the local population
attributes the work to Queen Semiramis. Hewn out of solid
rock, in a region where the bulk of the population must always
have given itself to the work of getting a painful living out of
an inhospitable soil, the job was so very well done that in 1912
this canal was the main water supply for a town of 60,000 in-
habitants. Again, 1 think of Jersualem with its triple pools
of Solomon, twenty miles away, far south of Bethlehem. Over
hills and across gorges, the water was carried to huge under-
ground cisterns in the city. Or again, Constantinople, where
the only adequate source of water supply was found to be
fifteen miles away in the forest of Belgrade. Nothing daunted,
those old engineers built aqueducts and tunnels, and there they
are today, the cheer of the Mohammedan population, to whom
they bring water free of all cost, and the delight of every photo-
grapher that catches sight of their inspiring arches.
Architectural Marvki.s
Even the temples of those days were often triumphs of the
engineer's skill. 1 am trying, at this moment, to conceive just
how at Baalbek the old Syrians moved those great stones,
14x14x70 ft., from the quarry more than a mile away, to the
foundation of the temple of Heliopolisj but I am not enough of
a dreamer. And so accurately were they laid out that today at
many points it is impossible to insert a knife blade between two
stones that are merely lying end to end.
The jewel of all architecture in the Near East is, of course, the
incomparable St. Sophia at Constantinople. One wonders how
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many times men must have tried to build other great domes
and had them fall about the heads of the unfortunate workmen
because of improper design. But whatever the previous experi-
ments may have been, there stands this unique building with its
dome 179 ft. high and 105 ft. in diameter, its forty windows
making it appear as if it were floating in mid-air.
"There Were Giants In Those Days"
What can the Turks show that will stand comparison with
such a gigantic achievement? Very little that has been carried
through by their own initiative and with their own unaided
resources. One thing, however, does stand out, and that is the
masterful planning and work of the two great Mehmeds, father
and son, who between them completed the downthrow of the
Byzantine Empire. The two great fortresses which they built
on opposite sides of the Bosphorus are still there and arc very
likely to last for a thousand years to come. And who has not
heard of the extraordinary scheme of the younger Mehmed,
when he carried a whole fleet of ships under full sail across the
European hills that separate the Bosphorus from the Golden
Horn, and so destroyed the Christian fleet in its own harbor.
Since that day the Turks have done little enough. To be sure,
they have erected some fine mosques. But every one of them
is easily seen to be modeled upon the incomparable St. Sophia.
Nor must we forget that in a number of the most striking cases
even their architects were Christian Greeks.
The Situation Today: I. Rich Mineral Resources
We have no patience with a nation, however, if it can demon-
strate no great achievement since the Middle Ages. Why is it
then, we ask, that while Europe and America have gone forward
with wonderful strides; have mastered the problem of industry
and commerce to such a large extent; and have broughl culture
and comfort to their peoples on such an unprecedented scale;
that we see so little of this story in the Near East? Can it be
that those regions have not the latent resources which make
modern industry possible? Experts agree that this is not the
reason. For while the agriculture of the country has for cen-
turies been at a low ebb, the mineral resources are Large and
comparatively undeveloped. Coal and iron, to he sure, are no1
found in the profusion that is characteristic of the great pro-
ducing centres of Northwestern Europe and the United Stales.
The situation in this respect, however, is much better than in
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Latin America or Italy. Moreover, Turkey has access to some
of the greatest oil fields of the world. Roumanian oil is brought
into Constantinople in less than a day's .journey by steamer.
Baku oil is pipe-lined into Batoum, another Black Sea port,
from which distribution is extremely easy. Mesopotamia^ oil
is on the Turkish territory itself, and was one of the causes of
intense competition between German and British interests. In
fact, so plentiful and sure is the oil supply that in 1914 the
Anatolian Railway was building tanks and other oil equipment
along its line, with a view to changing from coal to oil for loco-
motive fuel.
In the more expensive metals Turkey is unusually rich. One
of the biggest copper mines outside of this country is at Arg-
hana, in the heart of Asia Minor. The Smyrna District is
famous for its quicksilver, lead, tin and antimony. One Eng-
lish firm exploits all these metals, as well as silver and gold, in
a number of widely separated districts. In Eastern Asia Minor
there are great regions that have not even been carefully ex-
plored, although everything points to large mineral deposits.
The Situation Today: II. Exploitation Rather Than
Development
Well, then, since Turkey has plenty of material resources,
why is it that these are not used? Can it be that its people do
not appreciate the value of these things and are not willing to
pay for the privilege of modern conveniences? Everything
points to the contrary, where a fair chance has been given the
population to test them out. Every one who has studied the
situation at all knows that such municipal enterprises as the
street railways of Damascus, Beirut and Constantinople; the
electric lighting of Tarsus; and the suburban steam roads of
Smyrna are paying propositions. As to the telephone, I have
been assured by men connected with the Constantinople Tele-
phone Company that they were simply amazed at the number
of subscribers, who, having never seen a 'phone in operation,
yet gladly paid their subscriptions in advance when the system
was first installed.
We come to one of the sources of difficulty when we remem-
ber that the financial strength of all the Eastern peoples is com-
paratively low. With a few notable exceptions, such as the
Hedjaz Railway, which will be mentioned more fully later, the
great developments in Turkey have taken place as a result of
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huge investments of European capital. And such will have
to be the case for some time to come. It is worthy of note, too,
that there have always been plenty of bidders for concessions.
The difficulty, in fact, has been not a lack of offers, but such
keen rivalry to secure franchises that the Turkish officials have
almost invariably made the giving of concessions a means of
filling their own pockets. On the other hand, too often Europ-
ean Governments have not allowed these questions to proceed on
a merely commercial basis
;
politics have been infused into them,
and the securing of industrial concessions has been made a part
of the effort to extend political influence over various territor-
ies of the country. Here we have in a nut shell a great reason
for the commercial and industrial backwardness of the Near
East. With very, very rare exceptions have either the Turkish
Government, or the foreign governments concerned in franchise
questions, given such thought to the welfare of the populations
involved. That these races have benefited from the develop-
ments of the last seventy years is largely due the struggles be-
tween opposing political force in some cases, and competing
exploiters in others. Legitimate and purely commercial enter-
prises, as well as the people themselves, have suffered under this,
regime.
The Situation Today: III. Railroads
This is well illustrated by the railroad situation. The rivers
of Asia Minor are conspicuously ill adapted for transportation
to and from European ports. Yet in more than sixty-five years
the Turks have but 3000 miles of railway in operation; of this
380 miles (the Smyrna-Aidin line) was built by British capital,
and is today a purely commercial (i. e., in no sense political)
venture. The French control several systems, (totaling 920
miles) of which the largest are the Smyrna-Panderma Road,
which runs to the Sea of Marmora ; the Smyrna-Afion Kara
Hissar Line, which connects with the Bagdad Railway, and the
Syrian systems running from Beirut, Tripoli and Jaffa to Da-
mascus, Aleppo and Jerusalem. The Germans lines consists of
the Anatolian Railway and the Bagdad Railway (1025 miles).
The solitary Turkish road (built for Pan-Islamic reasons is
the Hedjaz Railway, and runs from Damascus, to Haifa and
Medina (795 miles). The whole northeastern part of Asia
Minor is, up to the present, without a single mile of railway in
operation. In 1910, an American concern did try hard to gel
permission for a network of roads in This region, and offered
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conditions so liberal that the bulk of the Turks were absolutely
astounded. Instead of contracting for the usual kilometric guar-
antee (by means of which the Turkish Government has, in the
past, been milked out of millions of dollars), they offered to pay
the Turks in continually growing measure for their franchise.
Nothing came to offer, and for a very good reason. Russia
and Germany combined to block the project. Germany feared
commercial competition; Russia had a political axe to grind.
For many years she had refused to allow any local construction
in this region, because of an old treaty foisted upon the Turks,
by which the latter agreed that all roads built in Armenia and
along the Black Sea coast must be financed either by Russia or
Turkish capital. This was tantamount to admitting that the
roads would never be built. But what did it matter whether or
not prosperity and civilization were kept from Armenia? Im-
perialistic policies had to come first!
I have stated that the Turks built a line of their own. Osten-
sibly, the Hedjaz Railway was financed by popular subscrip-
tion. Any one who has been in Turkey for any length of time,
however, can easily form a mental picture of what popular sub-
scription in the time of Abdul Hamid was. By means of official
robbery funds were actually secured from the Christian as well
.as the Moslem population, for a purely Moslem enterprise. It
has been considered, also, that the construction of this line
proves that the Turks can put a proposition through unaided;
in fact, in the days before the War the Encyclopedia Britannica
spoke of it in the following glowing terms:
"The line was designed, surveyed and constructed In-
Turkish engineers—employing Ottoman navvies and labor-
ers— in a highly efficient ami economical manner, the aver-
age cost per mile having been 3230 pounds, although con-
siderable engineering difficulties had to be overcome, espec-
ially in the construction of the Haifa Branch. The lines,
stations, sheds and stores are all solidly built, and the roll-
ing stock is sufficient ami of the best quality.
Needless to say the next edition of the Britannica will prob-
bly tell the story in a different fashion. As a matter of fact,
the construction was not purely Turkish; it was in charge of a
German, who was given the title of Pasha for his services; nor
was it so wonderfully efficient; and people who have had the
tain privilege of riding upou this road will tell you that
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its operation would be a model for anything except a modern
railway administration. The long and the short of this whole
matter is that the Hedjaz Railway gives us very little indication
of the ability of the Turks to do a big job, whether it be to
construct and operate successfully a modern railway, or any-
thing else of equal proportions.
The Bagdad Railway
What about the Germans? The biggest single project among
all those in Asia Minor is, of course, that of the Bagdad Rail-
way. What a pity that the British let this slip out of their
hands away back in the last century ! Who knows but that
its firm possession in Anglo-Saxon hands would not have made
Turkey a much different place today, and have saved millions
of people from oppression and misery? Moreover, it would
probably have profoundly affected that whole course of events
which made the coming of the Great War possible. Be that as
it may, the system with all its political possibilities was grabbed
by Germany, who lost no time in extending her claim so as to
make it a vast means of economical and political penetration.
Had it not been for Russia's interference they would years ago
have had a great trunk line in operation stretching from Con-
stantinople via Angora, Caesarea and Diarbekr, to Bagdad.
Foiled in this plan, they decided upon the immeasurably more
difficult southerly course ; this meant greatly lengthening the
mileage, crossing two almost impassable mountain ranges, build-
ing a huge bridge over the Euphrates and running through tre-
mendous stretches of uninhabited territory—but it was felt to
be worth the price. The main line was to be 1750 miles long
and branches were to run out to such centres as Caesarea,
Marash, Aintab, Aleppo, Urfa and Mardin, as well as to the
two ports of Mesina and Alexandretta.
As an engineering proposition, nothing could be more dis-
couraging. Skilled labor must, of course, be imported from
Europe. In fact, a considerable number of the tunnelers were
men who had performed the piercing operations of some of the
great Swiss tunnels. Materials must be brought for thousands
of miles from North European centres. And the local diffi-
culties equalled those of any construction elsewhere. In the
Amanus Mountains, for ..instance, tlu;re are 26,500 feet of
tunneling, twelve or more bridges, and slopes so uneven and
irregular that innumerable walls and culverts have had to be
built. Water has been a persistent difficulty in the tunnels,
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and the solid rock out of which these are cut is a quartz so
hard that special boring machines have had to be designed.
In fact, the major tunnel, that at Baghtcheh (16,000 ft. long)
has been compared as an engineering problem to the great
Swiss tunnels; its grade (1:394) is worse than that of the
Simplon tunnel (1:500) ; and the cost, $1000 per yard, measures
up with almost any others.
When the European War began, the mountain sections were
well under way, ami the bridge was about complete. So keenly
have our enemies fixed their gaze upon the future that they
have not allowed the military situation to interfere with this
project. In fact, the claim is persistently made that the work
has been pushed forward more energetically than before, and
the job of piercing the tunnels, the only thing that keeps the
line from continuous operation well into Mesopotamia, is in
the main completed.
Whether this road will be a great success commercially is
to be doubted. Neither the Germans nor the Turks seem to
care about that, and by means of the kilometric guarantee the
Turkish Government has underwritten a good round profit,
both on the cost of construction and operation. No doubt it has
felt in its usual cynical way that the various European Govern-
ments are so deeply involved in their Near Eastern investments
that in some way or other they will carry the load.
The political side of the proposition, on the other hand,
should once and forever be settled by this War. When it comes
time to make peace, our government ought to see to it that all
the commercial enterprises in the Near East are for all time
taken out of the political sphere. More important still, the type
of ruler who has brought Turkey to the point where she is
today should never again be allowed to have a hand in her
affairs.
Railroads After The War
Whatever else happens after the War, it is safe to predict
a great extension of railway construction. It is strongly to lie
hoped that American business men may again come forth with
an offer to enter this field. The lines which we had proposed
to construct have not yet been touched, although they were
provisionally assigned to French and German companies. I
believe that the Near East should know the type of commercial
enterprise which asks no favors and which thinks of the wel-
fare of the country as much as of the pocketbooks of the direct-
ors. In addition to the northern lines, of course, there must
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be a great extension in the South. Sooner or later, a railway
must run from Aleppo or Damascus directly across Arabia to
Bagdad, and another ought, by all means, be built from Egypt
to Busrah. Two such trunk lines will solve the problem of
peace in Arabia and will be simply invaluable to the British
in linking up their Mediterranean possessions with the Persian
Gulf and India.
While railways and mines are the crux of the whole indus-
trial problem, they by no means exhaust the lines along which
industrial progress of the East needs to be striven for. Let me
briefly mention two or three directions in which capital inter-
ested in that part of the world should reach out
:
Irrigation
It is fairly well known that the rainfall in the Near East will
probably never be enough to take care of agriculture, unless
some way is found to conserve the excess during the rainy
season and make it available for the drier months. In other
words, irrigation must be resorted to, if the country is to de-
velop maximum productivity. One such scheme has actually
been complete;! ; tins is the comparatively small enterprise un-
dertaken by a German concern near Konia (the ancient Icon-
ium). Considerable stretches have been made fruitful, and
there is no doubt that the enterprise is a solid success.
Some of us have heard about Sir William Willcoeks' colossal
plan for the regeneration of Mesopotamia. This was well under
way when the War began, although it has been necessarily
stopped since that time. By comparatively inexpensive methods
this great engineer proposed to turn over, for all future gen-
erations, that vast plain which in the past has been in a very
real sense the "granary of the world." Now that these regions
are solidly in possession of the British,there ought to be no
doubt a none too distant completion of that project.
In comparison with an enterprise of this nature anything
else dwarfs into insignificance. Yet there are dozens and
dozens of valleys where irrigation could be made a great success
upon a local scale, and perhaps a larger extent with the use
of local capital.
Water Power
This leads us directly to the question of water power. What
rivers of Asia Minor lack in navigability, they make up in
possibilities along this line. Practically every one of them rises
in the great central plateau and' has a fall of from 3000 to
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8000 it. in the comparatively short distance that leads it to
the sea. In New England we would sec every one! of them
worked to capacity. It is significant, too, that this region is
noted for its cotton and wool production. And yet I remember
<»nly too vividly visiting cities like Marash and Zeitoun, with
beautiful streams rushing right through the centre of the town,
while in hundreds of huts alongside, men, women and children
were slaving over hand and foot power spinning wheels and
looms.
A Warning: Co-Ordination Is Essential
In this connection, however, it is necessary to sound a warn-
ing. In Turkey far less than in our own ocuntry is it possible
to develop one line independently from another. Where, for
instance, we introduce irrigation it is necessary also to educate
the very ignorant and self-satisfied peasant to the point where
lie will be willing, not only to pay for the water, but to install
those methods that will produce the best results. In cities
where water-power is available it will be necessary either to
introduce capital on a scale large enough to build factories, or
else the individual producer working in his own home must be
shown how to adapt himself to modern conditions and must
be loaned the capital necessary to install power-driven machin-
ery. This means that most of the industrial and engineering
development in Turkey will have to proceed in a large way and
with foreign money. There is not much opportunity for a
young engineer going out on his own initiative and starting an
enterprise in which he is the prime mover. This has been tried
—
both by foreigners, ignorant of the extreme inertia which has
to he overcome, and by over-enthusiastic Armenians, Greeks, or
Syrians, who prefer to start to build their industrial houses
without counting the cost. This sort of thing is almost sure
to fail and makes the population view modern projects with
distrust.
But let me not forget to sound an optimistic note, the only
one that corresponds genuinely to the situation. The Near East
is truly a strategic region; it has marvelous possibilities, a large
share of which are as yet entirely untouched; its populations
are eager for the best things of ilfe ; they cannot be called bar-
barians in any sense of the word. Educational institutions, es-
pecially American, have prepared hosts of men who have our
viewpoint. These can he counted upon to furnish that local
leadership and knowledge without which a foreign enterprise
would work under tremendous handicaps.
SOCIAL REGULATION OF THE DISTRIBUTION OF
WEALTH
Herbert Knight Dennis
Assistant in Sociology
The conviction is growing in the western world that the profit-
eering economy which has developed under the individualistic-
capitalistic system of production and distribution of wealth, de-
feats human well-being at certain important points. The con-
centration of wealth in the hands of a small class with a conse-
quent usurpation of political power; constant international con-
flicts over rich, undeveloped areas, and over coveted trade priv-
ileges ; the steady deterioration of high purpose and integrity
of thought and action among men who are dedicated to the great
game of getting ahead, are types of maladjustment, which might
with a fair show of accuracy be traced to the present economic
system. But the fact of staggering significance to one who
studies the Great Industry (cf. G. Wallas, the Great Society,
N. Y. 1914) from the human point of view, is that a very large
percentage of those whose daily labor maintains it, do not secure
a return for their services sufficient to enable them to maintain
a fair or normal standard of living. This is a statement which
requires elaboration.
The working population of a modern industrial nation is com-
posed of several wage groups, which the English economist
Cairnes well denominated "non-competing" in the sense that
persons in them do not pass readily into higher income groups.
As re-stated by Taussig (Principles of Economics, Vol. II, pp.
134-138), the non-competing groups are five in number:
1. The professional and managing class.
2. The lower middle-class, clerks, grade-school teachers,
salesmen, etc.
3. The skilled workmen, supply limited, wages relatively
high.
4. The partly skilled, motormen, miners, certain factory
workers, etc.
5. The unskilled, numerous, and low paid.
Reference to studies of the facts concerning the actual distri-
bution of wealth, will indicate that persons in the lower wage-
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groups, 5 and 4, receive incomes ranging from $350 to $600
annually, while workers in groups 3 and 2 earn from $600 to
$1500 annually. Incomes in the professional and managing
group range from $5000 up. In this group might be classed
those fortunate individuals who, in Xearing's suggestive phrase,
"own for a living''^ These estimates are stated roughly, and
probably err on the side of liberality.
Keeping in mind the low incomes in the lower wage-groups,
and considering that students of social economy have generally
agreed that an income of $700 to $900 is the absolute minimum
for a family of five living under urban conditions, if an adequate
standard of living is to be maintained, it must be apparent
that an enormous number of working-men's families in these
groups are living in actual want, with inadequate housing, food
and clothing, the minimum of education for their children, no
cultural advantages, and few if any real recreational possibili-
ties. In addition to the large percentage of workers who do
not receive a living wage, there is a very considerable class in
groups 3 and 2 just on the margin of want. For these people
the ordinary vicissitudes of life, sickness, old age, the marriage
of wage-earning children, accident, or death of a bread-winner,
are apt to bring misery and want. They are often able to save
a part of their earnings, and frequently own their homes, but
a few months of enforced idleness means for them a quick de-
scent into actual poverty. Even in the professional group there
are many who may be properly be classed with the proletariat;
persons like university teachers, whose period of training is
long, whose incomes are small, whose tenure of office is preca-
rious, bringing the familiar phantoms of the financially inse-
cure—fear of unemployment, fear of want, and abridged inde-
pendence of action and thought.
Since the individualistic-capitalistic system has divided hu-
man beings into two sharply defined classes—a very small class
which enjoys ease, security, privilege and power through the
wealth produced by the labors of a very large class, the members
of which experience grinding poverty, depressed living condi-
tions, the "ungirt loin, and the unlit lamp", and financial in-
security it may fairly be asked if that system is destined to
endure Long. The student who is familiar with working class
movements; with the rapidity with which laboring men are re-
jecting the traditional anesthesais, including tin 1 soft words of
the demagogue, and the subtler deceits of agencies of control
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which are fast losing- their necromancy ; and with the great
unrest that is seething- in the working classes of all demo-
cratic nations, Avill find himself in agreement with the great
liberal, Woodrow Wilson, who wrote a few weeks ago to the
democrats of New Jersey that American workingmen, many of
whom have lived in a virtual "economic serfdom", will no
longer be satisfied with vague generalities about democracy, but
will demand that democracy be extended to pay-rolls, as well
as to the ballot-box.
With due allowance for the great complexity of social phe-
nomena, which renders prophecy difficult and halting, the opin-
ion may be ventured that the western world is entering upon
a period when a substantial readjustment of the economic sys-
tem will have to be made from above, if a seizure of the means
of production from below is to be avoided. The solidarity of
the proletariat, while far from accomplished, is no longer a wild
dream. "Demos is rolling and turning in his bed." Several
revolutionary schemes are already in the field proposing to cure
individualistic-capitalism, that is, the private ownership of the
agents of production, by getting rid of it, and to substitute for
it socialistic capitalism with an elaborate administrative system.
As an alternative to some form of socialism, the following
program for the social regulation of the distribution of wealth
may be offered. It would be possible for a society to retain those
phases of the economic system which are believed by many to be
valuable, namely: inequality of incomes, and the spur of re-
wards, the stimulus of competition, freedom of contract and
individual ownership ; but by means of the existing legislative
machinery to undertake a comprehensive scheme for social con-
trol of production and distribution, which would soften the
rigors of competition and regulate distribution in the interest
of the workers in the lower wage-groups, who do not now secure
a fair return for their labor. This scheme would include both
legislative and educational measures. As a partial outline of
such a program, the following devices may be considered:
I. Devices for directing a large share of the proceeds of
industry to the wage earner, including increase of real wages,
and in some cases of money wages.
(a) Factory laws, hours of labor, safety devices, sanitation,
etc.
(b) Housing laws, low rents, comfortable dwellings.
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(c) A comprehensive and possibly compulsory scheme for
sickness, accident, old age, death, and unemployment
insurance.
id i Increase of money wage by Minimum Wage laws for
specified industries, and by educating' the consuming
public to the view that commodities produced at the
expense of human well-being are not socially desirable.
(e) Regulation of the prices of necessities by law.
( f) Reliable labor exchanges, co-ordinated on a national
scale.
(g) Reliable savings institutions and propaganda for the
encouragement of savings.
(h) A system of Labor Colonies.
( i) Encouragement of employer's policies, such as co-oper-
ation, welfare work, profit-sharing, and similar devices.
( j) Hospitals, public convalescent homes, free surgical and
dental clinics.
(k) Agencies for the relief of poverty in times of acute
distress.
II. Devices for the equalization of opportunity.
(a) Increase of skilled or scarce services by vocational
training in schools.
(b) Decrease of unskilled or abundant services by restric-
tion of immigration, and by some rational policy of
authorizing birth control among the lower wage-groups,
together with a socialized organization of labor for col-
lective bargaining.
III. Devices for securing a re-distribution of wealth which has
been socially created, including taxes on unearned increment,
inheritance taxes, and taxes on incomes and excess profits, the
proceeds to be spent upon public works, and especially upon
the social devices suggested above.
IV. Devices for securing the increase of production which will
be necessary under any social system.
(a) Increase of available supply of land, intensive cultiva-
tion.
(b) Increase of available supply of capital, encouragement
of savings, and investment.
These suggestions are partial and tentative. The reader may
add oi' subtract, as suits his particular views and information.
It is a domestic program purely, and does not take account of
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foreign relations. Some of the devices suggested are already
being tried out in Europe, and a few in the United States, and
several have passed the experimental stage.
The fundamental assumptions upon which the writer pro-
ceeds should be fairly clear from the above. They are in brief
:
(a) that the economic system is to be evaluated according to
its bearing upon human welfare as a whole, that is from the
ethical view point; (b) that, all rights are guaranteed by law,
and that the state may as legitimately take the income or land
of a citizen, as it may require his life or freedom, if the general
welfare demands it; and, (c) that a better social order will
have to be gradually evolved out of the existing order, through
the employment of legislative machinery already existing.
The proposed extension of social legislation beyond the fields
where progress has been so painfully achieved may seem am-
bitious. It is not to be supposed that there are any "settle-
ments" of a problem so complex. It is not important that our
conclusions should be final, but it is important that we should
recognize the problem, and think in a clear and sustained fash-
ion concerning it.
Note—A similar program is outlined in T. N. Carver's ''Essays In Social Justice,"
Ch. X, "Constructive Democracy." Cf. also F. W. Taussig, "Principles of Econ-
omics." Vol. II. Ch. 54. f.f. and A. Marshall, "Principles of Economics," Bk. IV,
-Chs. V, VI; Bk. VI, Chs. II, III, IV, V, XII, XIII.
OXY-HYDROGEN VS. OXY-ACETYLENE FOR CUTTING
PURPOSES
Babold P. Owen, '18
Senior in Railway Civil Engineering
Whenever the layman sees metal being welded cr cut by some
autogenous process he usually gives the credit of the oxy-aeetyl-
ene method. It does not occur to him that the Haines may not
be produced by the combustion of oxygen and acetylene, but,
probably by another process—the oxy-hydrogen process, in
which, as the term denotes, the flame is produced by the com-
bustion of oxygen and hydrogen. It is in the defense and inter-
est of the oxy-hydrogen process that this article is undertaken.
The basis of the article is founded upon experiments observed
by Walter P. Shuck, a chemical engineer of Portland, Oregon.
The results of the test have previously been published by him.
Perhaps the most widely used method of producing oxygen is
by the electrolytic decomposition of water, and in this process
hydrogen is a by-product. Because this process is so extensively
used it is of interest to know, purely from a commercial stand-
point, a use to which the hydrogen may be put. it has been
found that acetylene may be used as a predicating flame for
plates up to about five inches in thickness, but for thicker plates
hydrogen must be used.
It will be well, at this point, to explain the action of the differ-
ent flames in any cutting process, and at the same time to give
a brief description of the cutting torch. In most torches the
oxy-acetylene or oxy-hydrogen preheating flame is delivered
through openings arranged in a circle around the orifice through
which the oxygen cutting jet is discharged. That is, the com-
bined oxygen and acetylene, or oxygen and hydrogen act as a
preheating flame which precedes the oxygen cutting jet in what-
ever position the torch may be held, or in whatever direction the
cut may be made. The torch is connected to the two gas tanks
by a hose. Both the preheating jet and the cutting jet are regu-
lated by separate valves, so that a close adjustment may be se-
cured.
Even with the known advantage of hydrogen there are fewer
makes of cutting torches adapted to the use of hydrogen with
oxygen that those adapted to the use of acetylene with oxygen.
This is, no doubt, due to the fact that oxy-acetylene has been
more widely used for welding than oxy-hydrogen, and that
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most of the cutting torches have been developed by makers of
oxy-aeetylene welding torches.
The procedure in these tests was first to determine the min-
imum pressure of oxygen that would satisfactorily cut the
thickness of steel on trial, and then to measure the speed of cut-
ting and the amount of each gas used. The pre-
heating gas, whether acetylene or hydrogen, was deliv-
ered to the torch at the pressure necessary to maintain the proper
flame with the valve at the torch wide open. The oxygen used
in connection with the hydrogen or acetylene for the pre-heating
flame had to be regulated by means of the valve on the oxygen
line at the torch, because the oxygen pressure in the hose to the
torch had to be heavy enough to do the cutting required. After
the oxygen pressure had been determined a convenient length
of cut was made and timed by taking the time from the instant
the cutting jet of the oxygen was started until the cut in the
steel was finished.
The. oxygen used for each thickness of metal was measured
by a counterpoised gas meter by shutting off the hydrogen or
acetylene at the torch, but allowing the oxygen to flow from the
torch just as it had while making the cut. To guard against any
back pressure in the gas meter, due to friction, a water-filled
"U" tube was connected to the intake pipe of the gas meter,
and the water in it kept level during the passage of the gas.
The hydrogen and the acetylene were measured in the same
way after the flamfe had been relighted, adjusted, and then the
oxygen shut off and the flame extinguished by putting the torch
under water. Table I gives the data derived from these tests.
TABLE I
Thick-
ness
of
metal
in in.
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In terms of the cost of cutting, per Lineal foot, the data present
further interesting facts as shown by Table II.
TABLE II
COST PER LINEAL FOOT
Thickness
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2C 2 H 2 -f 502 = 2H 2 + 4C0 2
4 volumes 10 volumes 4 volumes 8 volumes
In short, this means that complete combustion of one volume
of hydrogen produces one volume of water, while acetylene pro-
duces its own volume of water plus twice its volume of carbon
dioxide. This additional carbon dioxide dilutes the cutting jet
of oxygen to such an extent that a great deal more must be used
than is necessary when burning hydrogen.
The gases used in these tests were : Electrolytic Oxygen 99.5%
pure, Electrolytic Hydrogen 99.8'/ pure, and acetylene from a
commercial tank of compressed gas held in solution by acetone.
These tests were all made by using the torch moved by hand
along a guide, and represent fair average practice. With gases
of poorer quality, such as atmospheric oxygen, these speeds can-
not be maintained and greater pressures must be used.
The results of tests made upon a steel plate 1 inch thick using
both 99.5% pure oxygen with hydrogen and acetylene, and then
atmospheric oxygen of a purity of 97.4% showed clearly the ad-
vantage of the hydrogen over the acetylene in this instance. The
cut was made for two minutes. Table III gives the results.
TABLE III
EFFECT OF THE WAR UPON THE ENGINEERING
PROFESSION
A. S. Baldwin
Chief Engineer, Illinois Central Railroad
Editor's Note: This address was delivered l>y Mr. Baldwin on April 12th, at
an Open Meeting of Tau Beta Pi. Because it expresses very clearly indeed the
hope of llu- great engineers of our country that the men of our profession will be
lized by society as among the important servants of mankind, it is printed here.
In every department of life and in all the professions through-
out the world men are being profoundly affected by the war that
is devastating Europe, but two of the learned professions are
probably more intimately associated with it, more tremendously
influential in its conduct, and making; more rapid strides in de-
velopment on account of the opportunities afforded than any
others. I refer to the professions of Engineering- and Medicine
or Surgery. Lives and property are being destroyed and prop-
erty of many kinds is being constructed, reconstructed and re-
stored by engineering devices and methods that but a few years
ago were certainly undeveloped, or certainly not developed as
means for the calamitous uses to which they are being put; on
the other hand, Medicine and Surgery are saving lives through
preventative and protective measures, and restoring to life and
usefulness the maimed and injured to an extent unapproached
hitherto. It should not be argued from this statement that the
latter profession is more benevolent in its purpose than the form-
er. Each has among its devotees men of the highest character
and ability, equally bent upon bringing about the greatest good
to mankind by one means or another. Medicine and Surgery
are devoted to the maintenance and improvement of the highest
type of mechanism that exists, the human body, but to the En-
gineer is given the high purpose of adapting the great forces of
nature to the use and convenience of that human hotly, ami in
doing so, to imitate his Maker as a creator of mechanisms which
are more approximating the possibilities of the human machine,
however inconceivable the actual attainment of such perfection
may he.
It is not the object of this paper to draw a contrast between
the accomplishments of these two professions. The comparison
ciinie about naturally, in considering the effect of the war upon
the professions at large. Nor is it the purpose to speculate to
any considerable extent upon the probable future development
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of Engineering devices technically as influenced by the war, but
from the economical, social and spiritual standpoint ; that is
the net difference to the profession between what was before
the war, and what it is likely to be after the war is over.
In the past Engineering has been looked upon as offering to
its followers the smallest financial return of any profession,
except the Ministry. This may not be true if the average from
the lowest to the highest rank be considered, because the younger
members probably make a respectable livelihood at an earlier
age than in other professions, but undoubtedly it does not. un-
der present conditions, offer by any means the possibilities of
emolument in the higher ranks that other professions offer. Nor
are its followers so apt to come before the public as men of
affairs in public life or in important political positions, as are
men of business, or particularly those of the legal profession.
Tndeed it is a common occurrence, even here in our own State,
to see positions which would manifestly best be filled by engi-
neering executives given to men who are entirely devoid of such
education and experience. It may be said, and truly, that this
is a matter of politics, but none the less one does not see posi-
tions allied in the same way to the professions of Law or Medi-
cine given to men who do not pretend to be lawyers or physicians.
The men selected may not belong to the highest professional
types by any means, but the prestige of those professions is such
that the politicians do not dare to go entirely outside of the
profession in the selection of candidates for such positions.
Why has the engineering profession lacked such prestige? The
cause of this cannot be related to the individual—there is cer-
tainly no marked contrast between the young men entering the
engineering profession and those engaging in others; conse-
quently, the difference must be due to elements related to or
inherent in the profession.
Let us endeavor to determine what some of the causes of this
condition may be, and these remarks are not intended to apply
to those who branch off into other pursuits, but to those who
continue in the strictly professional ranks. In the first place
Engineers are very largely employed men. Unlike law-
yers or physicians, a small percentage of them an- in
consulting practice, working independently, The natural incli-
nation of their employers is to secure the greatest amount of
service for the least possible expenditure of money. This same
inclination existed on the part of the employers toward I a hoi-.
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ami Labor would have been m chains, rnetaphofically speaking,
had it not been for the power of its organizations; indeed, with
the backward swing of the pendulum, so powerful have become
those organizations, and so autocratic arc they in their dealings,
that they endanger democratic institutions on the one hand, no
less than accumulated wealth does on the other. Engineers have
not organized, however, nor should they ever organize purely for
personal emolument or power. As well might physicians organ-
ize and decline to succor the diseased and suffering, except upon
payment of what they might themselves determine to be ade-
quate consideration for services rendered. If the learned pro-
fessions organized for such purposes, they would become sordid
and would place emolument above high professional ideals for
being the benefactors of mankind. What then must the Engi-
need do in order that his profession, and as a consequence he
himself, may attain a rank and influence more commensurate
with his accomplishments? There is one marked disadvantage
that the Engineer labors under. From force of circumstance,
he rarely settles in his native town or city, and a considerable
portion of his life is apt to be spent in moving about "from
pillar to post." This applies particularly to the Civil Engineer.
On this account, he has but little asset from the family standing
in the community, which often helps materially in Law, Medi-
cine or Statesmanship, and again because of his lack of perma-
nency of location, particularly in the early period of his profes-
sional career, he does not associate himself with the political,
social and general communal interests in the place of his tem-
porary sojourn. This habit, formed in youth, clings to him.
One rarely finds a man in middle life taking an active part in
public affairs who had not started doing so while young. This
tendency is illustrated in another way in large cities by the
difference between the apartment and the residential sections.
Those who dwell in apartments do not feel permanently settled.
They can readily change their house or their neighborhood.
This promotes a lack of communal responsibility and to a com-
paratively small extent do they attach themselves to the churches
and other local institutions. With the house owner, however,
this is not the case, lie recognizes that he has to live and bring
up his family in that community and he is interested in the
promotion of its welfare.
Another feature to be considered is that the Engineer does
not have the opportunity, or 1 might say is not required, to
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• study the art of writing- and speaking- to the extent that the
Lawyer certainly is. In recognition of this fact, the academic
requirements for admission to the law and even the medical
schools are frequently higher than for the school of engineering.
The effect of this is reflected in the very large proportion of
lawyers in public life, and yet on the basis of the essential
requirements of many such positions, of a knowledge of men
and ability to organize and handle forces, the Engineer should
have many advantages.
What has become of the old-fashioned debating societies that
one used to see in almost every town? It was an admirable in-
stitution. The ability to think quickly and speak readily on
one's feet is one of the best assets an Engineer can have, par-
ticularly in these days when so much of an engineer's relation-
ship with his fellows is at the meetings and conventions of his
professional associates.
As a final analysis the inability to settle permanently in one
place is probably the main reason that the Engineer does not
more frequently become the man of public affairs.
To the young Engineer, then, it may be suggested that he
change the prevailing custom in this respect. When taking up
a new residence, he should begin at once to take a lively interest
in the affairs of the community and attach himself promptly
to the church, the Y. M. C. A. and other local institutions. He
should find what particular questions affecting the local gov-
ernment or politics are under consideration, and who are the
men that are doing things and become acquainted with them,
bearing in mind the fact that in this country each individual
has his personal responsibility for the local government, how-
ever small it may be, for the time he is one of the governed.
In this way will the habit be acquired, and it is surprising what
influence is often gained in a comparatively short time, one rea-
son for this being that so large a percentage of the people take
so little interest in such duties. In following such methods in
the future the Engineer may find himself not only holding the
advantage in position the war has helped him to attain, but
gaining on it.
On the social side, through the influence of the war, the engi-
neering profession will be broadened by the growth of a spirit
of fraternity and mutuality of interests between the employer
and the employed, the engineer, the mechanic or artisan, and
the laborer. The growth of this spirit in the armies of the
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Allies has been particularly noticeable among the English who,
notwithstanding a democratic government, have been a people
with strongly marked class distinctions. We read accounts of
titled men serving Loyally under men who were at one time
their employees, often in almost menial positions. But as to
that the English have always been good sports.
The bringing together of men from all walks of life in our
concentration camps and later on the field of battle will not
lower the standards of those who have had the advantages that
come from better education and environment, but through the
methods that are being used, will trend towards the growth of
a feeling of fraternity and comradeship that will Level upward
instead of downward, and will bring about a nobler fellowship
among men.
Imagine hundreds of thousands of young men called out of
every walk of life, from the university graduate to the most
illiterate laborer, rubbing elbows in an eager, active mental
and physical development, an experience similar in many re-
spects to tlie college life, but with the ever present subconscious
influence of pride of country and conviction of the righteous-
ness of the great purpose for which it is all being done. Imagine
their going through the very fires of Hell together in battle
and suffering the perils and hardships of the long-drawn-out
campaign, and then imagine them returning to industrial pur-
suits and cultivation of the arts of peace! Do you suppose the
former long-distance relationship between employer and em-
ployee, director and laborer, will return? No! Each end of
the line will have come into a broader recognition of the worth
of the other, and, more than has ever before been the case, the
Engineer will accomplish his great works through the establish-
ment of a comradeship that will extend from the top to the
very bottom of the ladder, and the extremes of the ladder will
not be so far apart in the future as they have been in the past.
With greatly increased wages, the growing opportunities af-
forded by free technical schools of education, a generation of
time should show a wonderful uplift among all the laboring
classes. Does it not seem remarkable, to digress a little, that
the introduction of labor-saving devices and machinery, so
dreaded and fought by the laborers themselves, should in the
long run operate to bring about higher wages than the laboring*
world had ever dreamed of, and moreover the constant and
matter of fact enjoyment of comforts and convenience that not
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so many years ago were looked upon as the luxuries of tin-
wealthy ?
Raymond Fosdick, in April Scribner's, has an excellent arti-
cle on the accomplishments of the Commission on Training Camp
Activities, in bringing about a fine sprit among the men. Among
other incidents, he tells of an old Major General, a hard-headed
Indian fighter of the past, who objected to the introduction of
a song coach into his camp, but who finally consented and when
afterwards, while listening to the roaring cadence of twenty
thousand voices under the leadership of the coach and six mili-
tary bands, was asked what he thought of it, replied, ''I was
wrong! With that spirit I could lead those men to Hell and
back again". That spirit is not necessarily restricted to war-
like purposes, and the Engineer who can bring about such joyous
co-ordination of purpose may say to this mountain 'Be thou
removed and be thou cast into the sea*, and it will be done.
Let us now consider some of the economic effects of the Avar
upon the profession. How useless it seems to be to speculate
upon what heights of inventive genius may be attained. The
wildest dreams of today are outdistanced by the accomplish-
ments of tomorrow, and yet, on the other hand, from Mother
Shipton's prophecy to Jules Verne, Tennyson's Locksley Hall,
and the works of II. G. Wells, how frequently the things we
consider the phenomena of the present time were in a measure
outlined and prophesied in the past. At the beginning of the
war we marveled at the German guns destroying cities and
fortifications from a distance of twenty miles, and today we
accept without incredulity the fact that Paris is being bom-
barded from a distance of 76 miles, and that our own govern-
ment has under consideration, it is claimed, a gun with a range
of 105 miles. The aeroplanes used at the time the war started
are in the discard today as useless, except for training pur-
poses, and we find that the successful carrying on of warfare
is dependent, on a vastly greater scale however, upon two funda-
mentals that we have with us all the time, business and trans-
portation. The business of manufacturing materials and mu-
nitions and the ability to transport men, materials and muni-
tions to the front with such ease and rapidity as to furnish
an unfailing supply—and in the production of these two fun-
damentals the Engineer is a most important element.
This has been aptly termed the Engineers' war, and engi-
neers all over the world are vying with each other in the devel-
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opment of devices to be used in the science of construction and
demolition. Think of what it would mean to the world today
it' all of this waste, tins frightful waste of life and property,
were devoted to the good of mankind.
Whether in the art of construction or of demolition the Engi-
neer appears to be coming into Ids own. and the question is
will lie hold his leadership when the war is over and affairs
settle down to a normal condition? That normal condition will
never he the same that it was before the war. Labor is, like-
wise, coming into its own. Having- tasted the fruits of a higher
wage and a more equal distribution of wealth, and being- in the
great majority, labor will demand and receive, as it should, a
fuller representation in the Council Chambers of the Nations.
The Engineer is the logical leader and director of labor and
with the improved opportunities for education many of the
Engineers will come from the ranks of the laborers, and if he
makes good in his leadership he should more and more become,
not only the technical director, but the man of affairs in busi-
ness and statesmanship, as well as along technical lines.
There is one other view-point that has been suggested: the
spiritual gain from the influence of the war. When a man
stands face to face with death daily, hourly indeed, the effect
seems to be either to draw him into closer communion of thought
with his Creator, or else, if the finer sensibilities are ignored,
to brutalize him. Over England and France, and indeed to
some extent already in this country, there is appearing a marked
spiritual renaissance. It is a wave of reaction against the
brutal materialism of our enemies that is drenching the world
in blood. Only through the spirit can this materialism be met
and conquered. Maurice Barnes, speaking of the children of
the new generation, says: "They are more complete natures
than we and come nearer to fulfilling the type of man made
perfect." In these young men is taking place a resurrection
of our most glorious days. Have you noticed that they speak
constantly of God? That they pray .'
A widely known civil engineer told me recently that two
young nephews passing through the city on their return from
a Texas training camp had called at his office, bringing a young
Canadian with them, who was just back from the trenches in
France, and that he had been astonished at the matter of fact
way in which they spoke of God and their spiritual relationship
to Him. Remarking upon it, the Canadian, a stranger to that
moment, replied. "We have plenty of time on hand in the
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trenches, and we get to thinking and talking about these things,
and they become real to us." This uplift will apply to all men,
one might say equally, but it seems particularly to the Engi-
neer, because it is his business to find the hidden springs of
power from which creative inspration must flow.
In Scribner's for April there is an article by Mary R. S. An-
drews picturing an imaginary scene one hundred years from
this time. An English stateman, standing on the field upon
which was fought the battle that marked the turning point of
the war, and the beginning of the collapse of the German em-
pire, is made to say : ' ' Certainly the race has emerged from
an epoch of intellect to an epoch of spirituality. There have
never been inventions such as those of our era, and the invent-
ors have been, as it were, men inspired. Something beyond
themselves has worked through them for the world."
May we not hope and believe that some such inspiration will
come to the followers of our great profession as a result of the
soul-stirring tribulation to which the world is being subjected
today 1 Tribulations which we in this country have had as yet
but little taste, but from the chalice of which I fear we may
have deep draughts to draw before we are through. Even
though we may have to do so, no doubt disturbs my mind as
to the ultimate result, for our country. Too much have we
inherited from the fierce will for liberty of our ancestors. Too
long have we enjoyed the blessings of freedom, and the ability
to worship God in accordance with the dictates of our con-
science, ever to be held in mental or physical thralldom. The
furrow may be long and the hillside steep and difficult, but our
country has set her hands to the plow and she will never turn
back until the task is accomplished, and she will never lack
for sons to flock with headlong eagerness to her standards.
This great university is nobly doing her share in this crisis
in our country's history in the preparation of men to meel the
stern duties that await them. I doubt if any university in the
United States has a larger proportion of her sons in the service
of the country. May she ever be a well-spring of inspiration to
those who are committed to her care, the leader of the gen-
erations yet to come and Alma Mater to the sons who have
passed from under her protecting wings.
THE SUMMER CAMP AS A MEANS OF DEVELOPMENT
A. \V. Howson, '18
Senior in Civil Engineering
It is generally conceded that technical schools can do little
more than teach certain technical principles. To the student
rests the problem of developing that personal initiative and
judgment so essential to the successful engineer.
Probably the greatest help we have had toward the develop-
ment of engineering judgment is the institution of the senior
trip under a capable faculty and guides who may help us to
note and differentiate between good and poor practice. To the
development of initiative, however, the student has been eon-
tent to wait until graduation, hi its development the personal
equation enters more fully and hence the advice of the faculty
has been more general.
Throughout his course the student has been accustomed to
solve certain definite problems and to apply certain well de-
veloped principles. When, however, he accepts his first position
these days are over, and, instead of a definitely assigned prob-
lem to which he may apply a given formula, turn the crank,
and produce the answer, he has a problem more general in nature
which requires a more thorough study to determine its type,
one for which there may be many answers, each apparently cor-
rect. Perhaps the conditions actually existing are not those he
anticipated. What shall we do.' This is the young graduate's
first real test for he is now for the first time without the advice
of the ever willing professor.
As a parallel idea to the senior trip the summer camp is sug-
gested. Several technical schools have found it a valuable sup-
plement to the class room work.
In 1915 the writer was a member of such a cam]) at Devils
Lake, Wisconsin and he considers it a valuable addition to his
training.
Location of I Ik Camp.— Devils Lake is on the Chicagc-St. Paul
Line of the Northwestern Railroad in the center east and west
and about 100 miles north of the southern boundary of Wis-
consin. It is about 1 j _> miles long and 1 mile wide and is hemmed
in on three sides by steep granite bluffs which jut out abruptly
into the lake. The shores are lined with tall slender pines.
As we alight from the train we see ahead on the shore of the
beautiful bine mirror a small building known as "The Hotel."
PIS
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On the right rising for 100-200 feet are the granite cliffs down
whose slopes the rocks rattle during the severe electrical storms
which frequent this country. On the left is the small pine grove
in which there is soon to be a city of 25 tents.
Organization. The organization of the camp was similar to
that of a large engineering work. About a week before finals
all who expected to attend the camp were called together to
perfect their organization, electing a chief engineer and an as-
sistant from among their number. Mimeographed sheets of in-
structions and a survey of the required work was given to each
student. To each party was assigned the use of a transit and
a level outfit, tents, cots, etc. and for them was held responsible.
Each student chose a tent mate and partner with whom he co-
operated in all his work.
It was the duty of the chief to make assignments of the work
daily so that as few parties would be doing the same problem
at the same time as possible. Reports were made to him each
evening on the progress for that day.
The faculty acted only in an advisory capacity and took the
part of the employer at headquarters. From them we received
such instructions as were necessary.
Nature of Work.—The two years of plane and higher survey-
ing, not including railway surveying, were prerequisites for this
camp and included all of the theory necessary for the work.
This was merely a practice camp organized according to the
customs on Large engineering works with the special advantage
that the members received personal expert instruction and sup-
ervision.
The hours in the held were from 7:00 A. M. to 5:30 P. M.,
while all maps and computations were made in the evenings
and on Sundays in the large office tent provided.
The work prescribed included the following: several short lines
of Bench levels read to thousandths, several long lines of levels
read directly to the hundredths, an accurate transit and stadia
topographic survey for a 5 foot contour map, a water-power
survey which included a profile and cross-section survey of the
stream as well as an investigation of the dam site, the calibration
of current meters, a current meter measurement of the Wiscon-
sin River (iy2 miles wide) from the Northwestern Bridge, a
comparison of the rod float and current meter methods of stream
measurement, base line measurement and Layout, location by
triangulation with transit and repeating theodolite, triangu-
lation adjustments, astronomical observations for time, hit-
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itude, and bearing with transit and theodilite, and a highway
location survey and complete estimate, including profiles, maps
and an estimate for the cost of earthwork in preparing the
subgrade and the cost of wearing surface, conforming to certain
specified maximum grades and curvature.
Results.— It must be remembered that the territory adjacent
to Devils Lake is very rugged. Therefore the problems in con-
nection with a rapid and accurate topographic survey or an
economical highway location are those which will develop to
a marked degree a student's ability to distinguish between the
important and the relatively unimportant points. Further.
they develop confidence and initiative as no amount of class
room work can do. The student is on his own responsibility
attacking the same problems that he will meet later in actual
practice. If he falls down here little is lost and the. help and
advice of the faculty is at hand to straighten out the difficulty.
The gain which the student receives is not in grades for there
i> no credits attached to the course. He learns no new tech-
nical facts. The big gain is in his ability to observe and benefit
by his observations, to think before he applies the principles
and then apply it wisely. He learns to make his decisions easier
and wiser.
Social Life.—The gains were not, however, entirely cf a pro-
fessional nature. It is often pointed out that in our western
schools the feeling of congeniality between men is lacking. If
this camp did no more for us than it did to bind us together
it could be counted a success. In the years that followed there
was a different feeling of comradeship between those who had
been at the camp than there had ever been before.
The opening of the camp is the annual signal for the influx
of the summer tourists, especially of girls, and the boys were
Dot slow to take advantage of this opportunity for a canoeing
or boating party in the early evening or a stroll when the office
work was done. On Sundays especially would the boys desert
their high tops and kaiki for oxfords and flannels.
The big social event of the camp was the annual banquet at
the Hotel. Here were divulged secrets that few realized were
known and all enjoyed several hearty laughs at the expense of
their tent mates and partners. This congenial gathering was
a fitting climax for our month's experience among the pines.
TRADE UNIONISM IN THE UNITED STATES
Walter Emch, '18
Senior in Civil Engineering
Unionism, the association of wage earners for the purpose
of maintaining' or improving their working conditions, is a huge
force the power and influence of which have heen increasing
ever since its birth. Today this force determines to a great
degree not only our industrial life but our social, ethical, and
religious life as well. Its effects reach far beyond the bounds
of its membership. The consumer feels its influence ; the poli-
tician cannot afford to ignore it, he must either support it or
dodge its power ; the social worker cannot proceed without con-
sidering its aims and attitudes; natonal legislation is affected;
and most of all, the business man and the manufacturer are
influenced by it; all of which effects go to show that the study
of unionism is anything hut a simple matter. To study it means
to study our entire social system. Books and articles on union-
ism have been written by the ton and yet we seem to he not
much farther along with the solution of labor and union prob-
lems than when they first made their appearance.
Trade unionism in America first appeared in 1798 in the
form of local craft unions, mainly among carpenters, printers,
bakers, and shipwrights. There had been no well defined sepa-
ration of the employing and laboring classes up to this time
and when such separation did become apparent the few local
craft unions that sprang up were not the result of any theory
of unionism or social organization. The principal cause of
these early activities was the fact that, as soon as a distinct
differentiation of the employers and the workinginen became
apparent, the former took advantage of the new conditions In-
lowering wages and increasing working hours. The struggle
that was to last for over a century had now begun. The strike
appeared early and the employers proceeded against the strikers
for conspiring—threw them out of employment, threw them
upon their own meager resources whenever the employers saw
fit. The trade union, therefore, out of sheer necessity, had to
provide for its members legal defense, and sick and funeral
benefits.
Up to the year 1S27, the union was still a purely local affair.
Later, when the markets and competitive areas became greater
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in extent and a desire to correct social and political evils arose,
this form of organization proved sadly deficient. Between 1S27
and 1837, the first national trade unions came into existence.
The main points in their program were demands for shorter
hours, \'vrc schools, abolition of imprisonment for debt, no reli-
gious legislation, and direct election of public officials.
In the period between 1S44 and 1853 the Working-men's Pro-
tective Union, the New England Working-men's Association, and
the Land Reform movement were organized. Their objects
were the establishment of cooperative communities, land re-
form laws, and the ten-hour day. The ten-hour movement was
unsuccessful. The workingman had to continue working eleven,
twelve or more hours a day to keep alive. Woman and child
labor agitations at that time were only partly successful.
The beginning of the national trade union marks the period
from 1853 to 1866. The present day antagonism between cap-
ital and labor distinctly showed itself. In 1S64, at the first
meeting of the National Industrial Assembly of North America,
the outstanding features were the support of boycotts and
strikes, made necessary by the abominable working conditions.
Up to the year 1872, a general labor union did not meet with suc-
cess. Unionists disliked the idea of unity with men outside their
own trade, particularly with common laborers. But soon after
the Civil War a working-class consciousness, a social effort to
control the unions, an increased political and militant activity
and a centralized organization made ther debut in rapid
succession.
In 1879 the American Knights of Labor was organized. The
Knights formed a rather idealistic group of wage earners: they
formed not a mere union, but an association of working men
of all degrees of skill the object of which was the social, moral,
and financial uplift of the workers. The constitution states that
"it is man's inalienable right to share, for use, the soil: the
right to life carries with it the right to the means of living : every
member who has a right to vote is a part of the government and
has a duty to perform." The American Knights of Labor is
not a class organization. Its constitution expresses ideas that
are beneficial to everybody in that it demands that all laws
that do not hear equally upon capitalist and laborer be abro-
gated in order to strengthen the bond of sympathy between
them. This organization was certainly founded upon broad
and just principles, but that is perhaps the reason it failed. It
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attempted to bridge a gap, the widening gap between capital
and labor, with lofty, idealistic, beautiful sentiments. The
movement toward shorter hours and betterment of working
conditions made slow progress until 1881 when the Federation
of Organized Trades and Labor Unions of the United States
and Canada was formed, merging later into the American Fed-
eration of Labor, in 1886. In the competition between the
Knights of Labor and The American Federation,, the latter
gained the upper hand and ever since has been increasing its
power and membership enormously. Together with a score of
smaller independent union groups whose total membership is
about 500,000, the American Federation of Labor has about
3,000,000 members, who, as far as the employer is concerned,
constitute a unit, a big machine.
The typical employer of today is not a human being, but a
great corporation, a big machine also, and the only relation that
exists between it and the labor union is that of cold cash, repre-
sented by the current wage. Capital is massed in the great
corporations and its ownership is distributed among investors
who have very little if any knowledge of the people whom their
money is employing. These investors, who are the real employ-
ers, have but one outstanding interest in the business—that the
dividends be kept at the highest possible figure. Xo wonder
that the old friendship between master and man that existed
in early years vanished. The growing hostility between the
wage earner and the employer is a serious thing, not only to
them but to the entire nation, and some day it may result in
disaster unless some means to remedy this condition is found.
Each side claims to be right, therefore frequently repudiates
any attempt at arbitration or reconciliation in the fear that the
other side may gain an unwarranted advantage.
In the eyes of a large number of employers, the cause of all
the national labor trouble lies in the misconduct of the labor
unions; they will admit, however, that they would not oppose
them if properly constituted and properly managed. Others
maintain that unionism is a positive evil and that it should be
promptly exterminated. The history of the unions alone is
enough to repudiate this statement. The economic system, and
it alone, is responsible for the existence of the present day
trade unions. Organized labor was originally a purely defensive
measure to offset the exploitations of the employers. Responsi-
bility for the present day hostile relation is probably pretty
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well distributed on both sides. "There have been very few
quarrels in which the blame is all on one side." The strike, the
most drastic and most effective weapon the unionist has on the
industrial battlefield, always arouses ill feeling among a certain
class of people. They doubt both the legal and the moral right
to strike and denounce any individual who sympathizes with the
striker. Why, if one man may decline to work for less than
a certain wage or more than a certain number of hours, can
not several men unite in this refusal? The only power that the
ordinary workingman has, comes thru unity with his fellow
workingmen. Violence and lawlessness appear in some strikes,
but such activities have always been denounced by our greatest
labor leaders, and as the strike neither depends for its success
upon such methods nor implies their use, the evils of the use
of violence do not constitute a justifiable argument against the
union and its right to strike. Occasional violence on the part of
the unionists certainly does them more harm than any possible
benefit that might result to them warrants. A strong example is
the dynamiting of the Times Building in Los Angeles by the Mc-
Namaras, an affair with which union organization had nothing
to do but for which they were blamed. It has taken union labor
many years to counteract the ill effect of this one dynamite
plot. Incidentally some radical individuals learned that vio-
lence of that kind will never promote a cause, good or bad.
The position and history of unionism in the United States,
some of its methods, ami flu 1 causes and dangers of its conflict
with capitalism have now been briefly discussed. To And per-
manent and healing remedies for our ailing society is difficult.
Socialism may be a solution but at present and for some time
to come is impossible. Broadminded leadership on both sides
could solve the problem—but where are the broadminded lead-
ers -.' The most plausible solution probably lies in public en-
lightenment. If people understand the faults of our society,
eventually a legislation just both to capital and labor will result.
VERTICAL LIFT BRIDGES
Charles F. Mercer, '18
St nior in Civil Engineering
There have been as many as thirteen different types of mov-
able bridges, bnt most of them were unable to stand the test of
time, and today there are but four types in common use. These
are: (1) ordinary rotating draws
; (2) trunnion bascule bridges ;
(3) rolling-leaf bridges; and (4) vertical lift bridges. Perhaps
a brief history of movable bridges will prove of some interest.
So far as we can ascertain, the first nlovable bridges were
those over the moats surrounding the castles in mediaeval times.
These bridges worked on a sort of hinge at the entrance of the
castle, and when drawn up against the castle wall (similar to
lifting a trap-door), rendered ingress or egress impossible. This
principle has been incorporated in the design of a modern type
of bridge—the bascule. In earlier days, the Romans bridged
their streams with pontoon bridges consisting of passageways
over the streams supported on floats. Parts of these bridges
were so constructed that they could easily be removed to allow
the passage of vessels. The two types just mentioned were
among the very first movable bridges. Sometime later, the idea
was conceived of supporting a span at its center, and by rotat-
ing it on a pivot located at this point, providing a clear channel
for the passage of vessels. Tins was the forerunner of the com-
mon rotating draw span. Later still was developed the vertical
lift bridge, in which the moving span remains horizontal, and
is lifted much after the manner of a scaffold or elevator to such
height above the stream that sufficient clearance is provided
for any vessel.
Although the development of both bascule and rotating draw
has been quite interesting, the remainder of this article will be
devoted to a discussion of that type of movable bridge which
appeals most to the writer—the vertical lift type.
There are no exact data concerning the first vertical lift
bridges built. The first of which we have any definite record
was constructed over the Danube River. In this bridge a 30-
foot wooden span was lifted 6'/, feet, the span being part of a
wooden trestle across the river. Subsequent to this a great
number of bridges of this type with short spans and low lifts
were constructed. The bridge was, as yet, unimportant as a
type, being confined altogether to small wooden spans. The
engineers who designed these bridges must have realized that
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they had in hand a wonderful idea without the proper con-
struction material needed to develop it. At any rate, the type
was of small note until about 1850 when a design for a vertical
lift span was submitted in competition with others for a bridge
to cross the Rhine River at Cologne. The lift span was 100
feet long and 50 feet wide, providing for a rise of 54 feet. The
span was counterbalanced at each end by steel water tanks
suspended over towers. The span was raised or lowered by
filling or emptying the tanks, respectively. Another competitor
was awarded the design.
In 1867, a German engineer designed a vertical lift bridge
with a 300-foot span and a high lift, but nothing resulted from
this design. Other similar designs followed, differing chiefly
in the manner of providing the motive power for lifting the
span. Electricity was not then n common use. About 1880,
a few small vertical lift bridges with low lifts were constructed
over canals in different parts of Europe. Previously in 1872,
Squire Whipple, a pioneer American bridge builder, began to
design and construct small vertical lifts over the canals in New
York State. This practice was extended to include several
of the Eastern States, until in 1892, Dr. J. A. L. Waddell, a
noted American bridge builder and consulting engineer, sub-
mitted plans for a vertical lift bridge over the ship canal at
Duluth. The structure was to be of steel, and provided for a
250-foot lift span and a vertical clearance of 140 feet. The de-
sign was accepted in competition with others, but the War De-
partment prevented its construction.
A year later, the same designer drew plans for a similar
bridge to cross the Chicago river at South Halstead Street,
Chicago. This design provided for a lift span 130 feet long
and a vertical clearance of 155 feet. The design was accepted
and in 1893 the bridge was built for the city of Chicago.
At each end of the lift span of this bridge is a tower 217
feet high, built of steel. Each tower consists of two vertical
front legs which carry the weight of the span and counter-
weights, and two inclined rear legs, which with the cross brac-
ing, make of the tower a thoroughly braced structure. The
span is connected to the cast iron counterweights by means
of I 1 -inch steel wire ropes passing over 12-foot sheaves at the
tops of the towers. Each tower carries four of these sheaves
and each sheave operates tinder four wire ropes. The counter-
weights just balance the lift span and move vertically between
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the legs of the towers so that all the power needed is to over-
come friction and the bending of the ropes. The equalizing
of the ropes is provided for by fastening wrought iron chains
to the counterweights, running them down through the tower,
and connecting them to the lift span, making continuous loops
with the cables.
The bridge is guided in its upward or downward movement
by guides and centering castings which engage runners on the
towers, and prevent swinging or side motion.
The original design called for electrical machinery, but to
suit the desires of the client, steam machinery was installed.
Later installation of electrical machinery not only gave much
more satisfaction with respect to operation, but saved the city of
Chicago more than ^o.OOO annually. The actual method of oper-
ating a vertical lift bridge is taken up later.
Any jar produced by stopping the span after raising or
lowering is absorbed by hydraulic buffers placed at the corners
of the span. These buffers were omitted from many later de-
signs, owing to a belief that they were not necessary with
electrical equipment, but they have been adopted in several of
the most important structures.
Such was the first steel vertical lift bridge. There were
many features in its design that have since been improved or
omitted altogether, but in spite of these, the bridge is today
giving as much satisfaction as any movable bridge in Chicago.
The lift span weighs about 290 tons and is raised to its full
height or lowered in sixty seconds.
Tlie bridge was not so successful under steam operation, so
for years after its constructon, the vertical lift feature was not
employed in the design of any other bridge constructed. The
year following the construction of the Halstead Street Bridge,
plans were drawn for a bridge over the Missouri river at
Kansas City which provided for a lifting deck 425 feet long.
The piers fcr the bridge were already laid, but it was sixteen
years before the bridge was built, so the design was altered
considerably.
Practically nothing was done with the vertical lift type be-
tween 1894 and 1907. In the meantime, a new firm had pur-
chased the piers of the old .Missouri river bridge at Kansas
City, and requested that Dr. Wadded prepare a new set of
plans for a bridge, using the old piers and including a lifting
deck of 42") feet. The plans were drawn, but there was much
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alteration before the design was accepted. A wood-and-steel
model of the lift span costing over a thousand dollars was
finally constructed and operated before the design was accepted.
In the meantime, the Iowa Central Railway Company con-
structed a vertical lift bridge over the Mississippi river at
Keithsburg. Illinois, and a small hand-operated lift was de-
signed and was built at Sand Point. Idaho.
The next vertical lift bridge to be designed and constructed
was over the Willamette river at Hawthorne Avenue, Portland,
Oregon. The lift span is 244 feet long and provides a vertical
clearance of 135 feet. The structure is single deck and carries
two wagonways and a double-track street railway between the
trusses, and two walkways on cantilevers at the sides of the
span. The upper chords of the spans of the bridge are curved,
giving the whole a very satisfactory appearance.
At this time, it was decided to put up the bridge at Kansas
City. The model had proved a success, but the clients were
still doubtful of the vertical lifting deck; so a committee was
appointed to report on the efficiency and practicability of the
design. Former Dean W. F. M. Goss of the College of En-
gineering of the University of Illinois was a member of this
committee which approved the type unanimously. The bridge
was constructed and opened for traffic in 1912.
The entire bridge is more than 4000-feet long. The bridge
proper, that part spanning the river, consists of two deck
trusses, 42.") feel long and 428 feet long, respectively, and a
through truss 428 feet long which supports the lifting deck.
The bridge is a double deck structure with the entire upper
deck immovable. The lower deck carries a double-track stand-
ard railway, and the upper deck carries two heavy electric
railway tracks in a pavement 24 feet wide between the trusses.
and two walkways and paved roadways outside the trusses on
cantilevers.
In the lift span, only the lower deck moves. It is made of
nickel steel to reduce the load to be lifted, and includes a
lateral system with special wind chords. The deck is supported
by stiff hangers, one hung from each panel-point of the upper
deck. When the deck is raised the hangers of the lifting deck
telescope into the posts of the upper deck. When in its lowest
position, a pin in the top of the hanger bears on a socket in the
post above, transmitting all live load from the deck to the truss
above.
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The clear lift provided is therefore equal to the clearance be-
tween the upper and lower decks, and is 55 feet. The oper-
ation is effected by means of cables, two of which are attached
to each hanger of the lifting deck. These cables pass up
through the truss posts and, over sheaves at the top, thence
to common drums at the ends of the span, and thence down-
ward to the counterweights. The arrangement of sheaves,
drums, and counterweights is clearly shown in Fig. 1.
Fig. 1. Missouri River Bridge at Kansas City. Lifting deck partly
RAISED
At the time of construction, the bridge was the heaviest
riveted-truss that had been built. The lifting deck weighs
1,500,000 pounds, and is raised to its full height or lowered
in fifty seconds. The operation is electrical, two motors being
used, one at each end of the span. Should either motor fail,
the ropes are so arranged that the span can lie operated by
one motor. The total weight of metal in the bridge is over
18,000 tons, some of the members weighing more than 100
tons each. Twenty-five miles of rivet holes were reamed in
the field, and about a half million field rivets were driven.
Fifty tons of paint were used on the metal work. The total
cost of the bridge exceeded $2,200,000.
The next vertical lift bridge constructed was over the Arkan-
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sas River between Fort Smith and Van Buren, Arkansas; The
nine spans are all the same Length, and the towers are so con-
structed that should the channel change, they can be taken down
and erected on any other span in the bridge, making a lift span
of it. It is a single deck structure, carrying a standard railway,
two cantilevered roadways, and two cantilevered walkways. The
span raises to 55 feet above high water in ninety seconds. The
operation is electrical.
In 1!)10, the design of a new kind of vertical lift bridge for
the Harriman lines over the Willamette River at Portland, Ore-
gon, was commenced. This structure was unlike any other pre-
viously erected, in that it bad two movable decks, each operated
independently of the other.
At high tide, it is impossibles for a man in a canoe to pass
beneath the lower deck when the deck is in position. Most ves-
sels are low enough to pass beneath the upper deck. To take
care of this, and to avoid as much as possible the interruption
of traffic on the upper deck, the lower deck was made to tele-
scope into the upper deck after the fashion of the Missouri
River bridge at Kansas City. Then to provide sufficient clear-
ance for the high-masted vessels, the upper deck was also made
movable. Thus, the lower deck can be raised against the upper
deck and both of them lifted so that a maximum vertical clear-
ance of 142 feet is obtained, 96 feet in the upper deck and 46
feet in the lower deck. The total operation is effected in ninety
seconds.
The upper deck provides for two street railway tracks, two
roadways, and two walkways. The lower deck provides for
two standard railway tracks. The lift span is 220 feet long
and is 34 feet between centers of trusses.
The lower deck weighs 1,060,000 pounds, and is lifted by
means of fourteen T t-inch steel-wire ropes at each corner run-
ning over sheaves 76 inches in diameter. The lift is accom-
plished in thirty seconds. The upper deck weighs 3,420,000
pounds. It is lifted by means of sixteen 2^-inch steel-wire
nspes per corner, running over sheaves 168 inches in diameter.
The lower deck is sometimes operated forty times per hour.
Xo other type of bridge could do this. It is necessary to raise
the upper deck only seven or eight times each day. Even after
the lower deck is collapsed into the upper deck it is raised by
its own motors and is entirely independent of the upper deck.
There has never been any trouble experienced in the opera-
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tion of this bridge. The chief engineer of the Harriman Lines
has stated that it is the best operating bridge on the entire sys-
tem. The total cost of the bridge was $1,700,000. The coun-
Fig. 2. "Willamette River Bridge at Portland. Oregon, for the Hakim-
man Lines. Both Spans Down-
Fig. 3. Willamette River Bridge at Portland. Oregon, FOB THE Harki-
man Links. Both Spans Raised
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terweights, as in all the structures mentioned so far with the
exception of the Balstead Street bridge are made of concrete.
Concrete counterweights are easily constructed and handled, and
are very economical. The bridge with both spans down and
both spans up is shown in Fig-. 2 and Fig. 3.
Fig. 4 shows the lift bridge over the Oromocto River in New
Brunswick, Canada, for the St. Johns and Quebec Railway
Company. The bridge is hand-operated and the towers are so
designed that rear legs are unnecessary.
Fig. 4. Okomocto Rivkk Bridge in New Brunswick, Canada
Vertical lift bridges were then constructed for the City of
Tacoma, Washington, over the City and Puyallup Waterways.
They are single deck structures, differing only from the usual
type of lift bridge in that the city water-mains are earned on
small trusses between the tops of the towers, a feature possible
with no other movable type of bridge. City Waterway bridge
is shown in Fig. 5 with the span in position, and in Fig. 6 with
span raised.
The Pennsylvania railroad then built two vertical lift bridges
in (diieago, one over the south branch of the Chicago River,
and one over the Calumet River. The bridge over the Calumet
River consists of two separate bridges set on a skew, each acting
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independent of the other. This design was new. in that the
excessive skew necessitated vertical rear legs for the towers.
The Chicago River bridge is a double track structure, quite
similar in design to the Calumet River bridge. It opens about
~r> times each day, and approximately -500 trains cross it daily.
A rather unique design is shown in Fig. 7. It is a steel
bridge over the Don River at Rostoff, Russia, and was con-
structed for the Vladikavkaz Railway Company. The bridge
has since been captured by the Ukranians, One of the engineers
in the designer's office in Kansas City went to Russia in 1915
personally to supervise the construction and the installation of
the machinery. The spans, other than the lift span and towers,
were designed by Russian engineers. The bridge was completed
at an enormous cost.
It is a double track railway bridge, the lift span being 217
feet long and 31 feet between centers of trusses. The lift span
weighs 1,600,000 pounds and is lifted by means of sixty-four
1%-inch steel-wire ropes, sixteen at each corner of the span.
The ropes pass over sheaves 138 inches in diameter to concrete
counterweights. The normal lift is 127 feet and requires sev-
enty-five seconds.
A rather unique bridge is at present being designed in Dr.
Waddell's office. The towers and fixed spans are made of con-
crete and the lift span is of steel painted to resemble concrete.
The lift span is 97 feet long and raises to 47 feet above high
water. It is the first vertical lift bridge ever designed with
concrete towers.
One of the largest vertical lift bridges constructed recently
is the Pacific Highway bridge over the Columbia River between
Portland. Oregon and Vancouver, Washington. Since the
method of operating this structure is typical of lift bridge oper-
ation, it is given briefly.
The lift span is fully balanced by counterweights which are
fastened to the span at each of its ends. The counterweight is
attached to the span by means of 1(i plow-steel wire ropes, two
inches in diameter, which pass over cast steel sheaves twelve
feet in diameter, at the top of the towers. The lift is effected
by means of four steel cables at each corner of the span, known
as operating ropes. The operating machinery is placed on the
lift span at its center and above the roadway clearance line..
One pair of these operating ropes at each corner is fastened
to the top of the tower and the other pair is fastened to tin*
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bottom of the lower. These operating ropes run vertically from
the top or bottom of the tower to the top of the span where
they pass over deflecting sheaves and horizontally to drums in
the machinery house. When the drums are revolved to lift the
span, those cables Leading to the tops of the towers are wound
up and the others paid out. To lower, the drums wind up those
ropes connected to the bottom of the towers and pay out the
others. The drums are operated by electric motors, and are so
connected that all move to raise the span or all move to lower it,
The lift span of this bridge is 272 feet long- and lifts to a
height of 189 feet. The cost of the bridge was about *1,700,000.
Besides the bridges enumerated, large vertical lift bridges
have been constructed over the Columbia River at Trail, B. C,
over the Calumet River in Chicago for the Lake Shore Lines,
over the Willamette River for the Salem, Falls City and West-
ern Railway, over the Little and Black Rivers for the
Louisiana and Arkansas Railway, over the North Thompson
River in British Columbia for the Canadian Northern Pacific
Railway, and over the Missouri and Yellowstone Rivers in Mon-
tana fcr the Great Northern Railway. The latter is shown in
Fig. 8. Other less important vertical lift bridges have also been
constructed.
All the bridges thus far considered are of the cable type of
vertical lift bridge, most of the patents for which are controlled
by Dr. Waddell and his former partner, J. L. Harrington. Other
types of vertical lift bridges have been put upon the market,
but the small degree of success that has attended these efforts
renders description of them unnecessary.
Since the ordinary rotating draw is not to be compared from
a standpoint of efficiency with either the vertical lift or the
bascule, a brief comparison of the latter types may interest the
reader. The vertical lift bridge has some advantages over the
bascule, among which may be mentioned the following:
1. The moving floor is always horizontal.
This permits the use of block pavement, something not feasi-
ble with a bascule.
2. When the span is down, it acts just like any fixed
span and is more rigid than the bascule, a very important
feature for railroad bridges.
3. In case the channel should shift, the towers can be
taken down and erected over any other fixed span on the
bridge, making of it a movable span. The former movable
span is let down on its shoes and immediately becomes a
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fixed span. This itfiii is impossible with a bascule.
4. Great wind pressure during operation lias not the
serious effect on a vertical lift that it has on a bascule
5. The amount of lift in a vertical lift is regulated by
the size of the vessel, so the lift does not have to rise so
high for a low vessel as the bascule.
6. The vertical lift is better adapted to skewed crossings
than the bascule, for the bascule must have squared ends
while the towers for the vertical lift may be set on a skew.
7. As in the case of the Tacoma bridges, electric wires,
water-pipes or gas-pipes can be carried across the movable
span between the tops of the towers.
8. For long spans, the vertical lift is less expensive than
the bascule.
9. The vertical lift is simpler in its operation than the
bascule, and its machinery is less likely to get out of order.
In conclusion, in spite of the adverse criticism to which the
vertical lift bridge may have been subjected, it. is a type of
bridge that has come to stay. Every vertical lift bridge erected,
of which there are about forty, is giving complete satisfaction
today in its operation.
THE IMMEDIATE PROGRAM OF AMERICAN
SOCIALISM
Louis L. Horen, '18
Senior in Commerce
In recent years engineers have been striving- to obtain con-
trol of industry to become managers and directors of industry,
not merely technical assistants. If this goal is to be reached,
it is necessary that engineers commence at once to study the
economic and social problems, not only of America but of the
entire Western World, for commerce and industry are no
longer limited by boundary lines. Of particular interest to the
engineer is the so-called "labor question"—the problem of the
working classes—the organization of labor which Carlyle con-
sidered "the universal vital problem of the world".
Broadly stated this problem is to organize industry and so-
ciety in such a manner that every individual shall be able to
secure a decent living and at the same time as much liberty as
is compatible with the interests of society as a whole. Social-
ism, together with economic liberalism, has striven toward this
ideal for two/ generations. The adherents of the doctrine of
socialism contend that there is a class which produces more
than it consumes and a class which consumes more than it pro-
duces, and that the wealth which the vast army of labor pro-
duces above its subsistence is taken by the latter of the two
classes. A large proportion, perhaps a majority, of the voters
of the civilized nations of the earth hold, to a greater or less
extent, socialist views. The recent Inter-Allied Labor Confer-
ence in London, whose every aim is incorporated in the princi-
ples of socialism, and the undoubted majorities in the empires
of Germany, Austria-Hungary and the widely misunderstood
New Russia, support the above assertion. With the coming
defeat of militarism and the return to peaceful pursuits, an
increasing desire for liberal reforms will bring the issues inher-
ent in socialism to a prominence hitherto unattained. In view
of these considerations, this brief exposition of the immediate
program of the American Socialists is of decided interest.
American Socialists of the constrnctivist class spend the
greater part of their energies, first, on the analysis of present
conditions, and, second, on the immediate or transitional demands
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of present legislation, Leaving Largely to tin* Utopians the details
of the ultimate industrial structure. This emphasis is justifi-
able from tlif point of view of scientific socialism, in that, while
the economic forces that are to produce the ultimate details
have not yet been perfected, the immediate demands arc based
upon social relations that arc the direct consequences of present
industrial conditions.
These men advise the use of the franchise for two purposes.
The first of these is the frightening of the older parties into
themselves passing the legislation demanded by the workers, a
policy which draws strength from the concessions to socialism
made by the German government from time to time since the
days of Bismark; the second is the gaining for the workers of
full political liberty ami of complete freedom in industrial
organization.
The demands fall under three heads,—measures tending di-
rectly to improve the conditions of the working class, those aim-
ing toward a pure democracy, and those that may form parts
of the ultimate commonwealth.
The Immediate Industrial Demands
First among these are the measures of industrial reform.
The Socialists attach the greatest importance to reforms of this
character. They realize that the task of transforming the mod-
ern capitalist society into a Socialist commonwealth can be ac-
complished only by the conscious, systematic, and persevering
efforts of a working class physically, mentally, and morally fit
for the assumption of the reins of government, and not by a
blind revolt of furious and desperate rabble.
The first industrial demand in the platform of the recently
created National Party (organized October 3, 1917 by a group
of the loyal. Socialists) is the shortening of the workday in
keeping with the increasing productiveness of machinery, and
the securance to every worker of a rest period of not less than
a day and a half in each week. This measure is aimed at remov-
ing some of the cares of the worker's material existence, to
improve his health and spirits, to give him some time for thought
and study, hereby enchancing his general intelligence and his
interest in social affairs and i the progress and welfare of his
class.
The indefinite national demand for a "more effective inspec-
tion of workshops and factories'* and the New York demands
for Union conditions were supplemented in the Wisconsin leg-
islative program by provisions for the publication of labor con-
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tracts and for the ventilation of manufacturing establishments,
etc. Among the measures passed in Wisconsin are two securing
respectively guard rails for dangerous machinery and blowers
for carrying away metallic dust.
Child-labor as a regular and important factor in national
industry, is an innovation of the modern capitalist system of
production. It was the machine that made child-labor on a
large scale possible, it was capitalist competition that made it
desirable, and it was capitalist exploitation of the adult worker
that made it inevitable. The Socialists favor all legislation for
the restriction of child-labor, and consistently support every
measure tending in that direction. The alarming spread of
child-labor is symptomatic of the dire poverty among the work-
ing class. As a rule the parents of the working class feel very
keenly the dreadful sacrifice involved in the offering of their
immature and tender-bodied children on the altar of the profit-
grinding machine, and only the most implacable need induces
them to do so. The poverty of the wage-earning father sends
his child to the factory, and the competition of the child in the
factory increases the father's poverty and makes it ever harder
for him to dispense with the scanty additional earnings of his
child. The child-labor problem, the Socialists say, can be solved
by attacking the very root and source of the evil
—
poverty.
A kindred demand of the National Platform is the forbidding
of interstate transportation of the products of child-labor, of
convict labor, of uninspected factories, and of women employed
more than eight hours a day. There is prescribed the abolition
of 'official charity' and the substititon in its place of compulsory
insurance against unemployment, illness, accident, old age and
death. In Wisconsin the Socialist legislators already have se-
cured the right of counties to {tension blind persons and have
worked out an admirable compensation act.
In their efforts to secure radical and lasting industrial re-
form the Socialists rely on the cooperation of the industrial
organizations of the working class. In Great Britain, Italy,
Germany, Austria, Sweden, Holland, and, in fact, in nearly fill
European countries, the memberships of the Socialist party and
the trade-unions are almost identical. The United States alone
presents the spectacle of a great body of organized workmen
whose leaders have kept aloof from the socialist movement. The
Inter-Allied Labor Commission which lias recently arrived i:i
this country presages a probable change in policy or leaders.
Another movement that has of late years great strength, and
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is coming to be regarded as a Socialistic measure, being endorsed
by the party platform, is the formation of the co-operative so-
cieties of workmen, *'to the end that the workers of the nation
may he increasingly enabled to control the economic conditions
af their own lives".
Such scientific regulation of immigration as as will limit the
number of immigrants to the capacity of the country to assimi-
late them without lowering onr industrial, political, or socal
Btandars, is a demand recently added by the National Party.
Political Reforms and Innovations
The political demands of socialism are a portion of the tran-
sitional program upon which there is unanimity among all shades
of Socialists. 'Every socialist party in the world,' writes W. E.
Walling, 'puts political democracy first on its program, includ-
ing these devices—a secret ballot, proportional representation
and direct, legislation—which are found absolutely essential to
its effective operation.'
Firts of these is the demand common to every Socialist plat-
form in the world—unrestricted and equal suffrage for men
and women. Almost as common is the inclusion of the initia-
tive, the referendum and the right of recall with adequate safe-
guards against their abuse, in order that the people may have
the democratic right to originate and reject legislation, and to
control elected officials. Reforms of the judiciary branch of the
government are demanded in that all judges be elected by the
people for short terms; that the power to issue injunctions be
curbed by immediate legislation; that the power of the Supreme
Court to declare laws unconstitutional be limited (the income
tax law was declared unconstitutional when first voted on);
and that provisions be made for the enactment of amendments
by the legislative body of the Constitution.
The executive budget— a schedule of the proposed expendi-
tures prepared in advance by responsible administrative offi-
cials, and submitted to the legislative branch for examination
and discussion— is favored for municipal, state, and national
g ivernments.
Intemperance as such is not a modern problem. The use and
abuse of alcoholic drinks are as old as written history, and the
moveiii ni to control the evil dates back many centuries. But
with the coming of cheap corn-whisky and the increasing drudg-
ery of labor there developed the extensive use of alcohol among
the working classes. The alcoholic habits of the working class
i re largely caused and stimulated fry their industrial and social
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surroundings. Among- the causes which combine to stimulate
drinking- among the workers are their dwelling conditions,
homes without any comforts, damp, unattractive and filthy
;
mental exhaustion caused by overwork ; conditions of work cre-
ating an abnormal thirst ; and insufficient and unwholesome
nourishment. Because it affects the poor much more than the
wealthy classes, even tho the latter may be addicted to it no
less than the former, and because it is one of the heaviest
scourges of the working class, all Socialists are determined ab-
solutely to profit the manufacture and sale of intoxicating
drinks.
A Few Administrative Demands
Administrative demands include a graduated income tax and
the extension of inheritance taxes, graduated in proportion to
the amount of the bequest and nearness of kin. Tax reform,
however, emphasizes the demand that the arrears of taxes due
from private corporations be immediately collected by drastic
enforcement of the law.
Socialists are not dogmatic free traders but they are in gen-
eral opposed to indirect taxation—tariffs on imports or exports,
excises, etc.—in so far as these tend to raise prices of the neces-
sities of life. Necessary revenues should be obtained from
income and inheritance taxes with the least hardship to the
mass of people.
The socialists of all countries favor the municipalization of
public utilities, but that only as a measure to be carried out by
an administration which would manage in the interests of the
employees and the public.
Of greatest practical importance is that for "the immediate
government relief for the unemployed workers by building
schools, by re-foresting of cut-over and waste lands, by reclama-
tion of arid tracts and by extending all other nseful public
works".
Fundamental Social Demands
The primary social demand is that for the absolute freedom
of press, speech, and assemblage. The free administration of
.justice is a demand of the National platform which has been
approached by the Wisconsin Socialists through measures pro-
viding that the cost of appeal may under certain circumstances
be borne by the State, and that a public defender be appointed
in each county to conduct cases of the poor.
There is a call for the enactment of further measures for
: general education and for the conservation of health, for the
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enlargemenl of the Bureaus of Education and of Public Health
into Departments. New York Socialists make much of the sub-
ject of education, asking that public kindergartens and play-
grounds be established in connection with every school, that
ample schools accommodations and an adequate force of teach-
ers be provided, and that meals, clothing, and medical attendance
be given free to all children who may require them. Wisconsin
Socialists have been directing their efforts chiefly toward the
extension of trade and agricultural schools and of the univer-
sity system, and toward the supplying- of free text-books
throughout the state.
The fact that the working class furnishes most of the victims
of preventable disease has forced the Socialists to pay special
attention to the subject. It has been said that every advance
in the Socialist movement in Europe has been marked by a
lowering of the death rate. They have cared for the health of
school children by establishing open air schools in the country
or at the sea-side for sickly children, providing meals at cost
and developing the system of medical inspection.
Crime and vice do not owe their existence to the modern
capitalist society. But if capitalism has not created crime and
vice it has created the conditions for their wholesale develop-
ment and ever increasing extension. For if the misery of the
masses is the fertile soil of crime and vice' capitalism is the
hothouse of misery. The conditions surrounding the modern
workingman's family, and especially the family of the most
poorly paid workingman, tend to drive the members to break
the established social canons of law and morality. Removal of
distressing conditions, the Socialists claim, will reveal the ex-
tent to which crime and vice are the results of poverty.
Socialism and Loyalty
Socialism is not anti-patriotic. While the the ideal of inter-
nationalism is fundamental to Sociialism, we must not make the
mistake of assuming that Socialism involves anti-patriotism
—
that there is anything incongruous in a Socialist being a loyal
citizen of the country in which he lives, and of being ready to
fight and die for it, if necessary. Because they are internation-
ists it does not follow that they are anti-nationalists. The rea-
son for the Socialist ideal of fostering the development of
friendly relations among all nations of the earth is not far to
seek. In the last analysis, the heavy burdens of war- fall upon
the working class. Not only has the working class suffered
more from wars in the past by furnishing most of the victims.
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but it was most injured by the heavy burdens of present-day
militarism. In the United States, by no means a militaristic na-
tion, during the thirty-year period, 1879-1909, we spent no less
than 71.6 per cent of our total national income upon wars, past
and present, and for needed increases in our armament. These
figures are from a statement by Mr. Hamilton Holt in the con-
servative New York Times.
Socialism stands for the abolition of all wars and all armies,
but it recognizes that within the modern social system this is
an unattainable ideal. The practical socialist program, there-
fore, advocates what the Socialists consider the next best step
—
the introduction of a national democratic militia system instead
of the standing army.
The one country in which this system has found complete
application, little Switzerland, can in case of an emergency rely
upon 523,000 trained soldiers out of a population of some three
and one-half millions and its military budget is only some
thirty million francs per year.
Some Socialist Aims
I have briefly sketched the main outlines of the immediate
program of present-day Socialism with here and there an at-
tempt at clarification. Socialists also stand for freedom of the
seas and all waterways flowing into the seas, and for making
the duty of policing the seas the collective function of all na-
tions; for internationalization of all strategic ocean waterways .-
the prohibition of prohibitive or discriminatory tariffs; for abo-
lition of secret diplomacy ; for denying diplomatic or military
support to foreign investments; for conservation of national
resources; for international arbitration; and all other reforms
es-ential to the realization of political and industrial democracy.
After the war it is certain that labor will take a deeper inter-
est in political affairs and doubtless demand the passage of
legislation improving the conditions of the poorer classes. It
is very likely indeed that the demands will he based upon the
theories of economic liberalism and socialism.
The engineer whose keen mind, trained through accurate anal-
yses of problems, enables him to plan, readjust, and construct
enterprises will be called upon more than ever before to solve
the difficulties inevitably to arise from the demands of labor
backed by rapidly increasing power and organization among
the workers.
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EDITORIAL
The editor feels that he should state clearly the reasons why
he has introduced so many economic and sociological contribu-
tions in this number of The Technograph. In the first place,
he Eeels that in the years to come the man who has some knowl-
edge of sociological thought will he worth more to his country
and to his employer than the man who is lacking in this knowl-
edge. Secondly, labor problems are to be the important problems
before the minds of the public after this war ends and it be-
hooves the engineer especially to get some grasp of the funda-
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mentals at least of this intricate study of labor questions. In
the third place, the dissemination of such thought among en-
gineers has not been undertaken adequately by any agency.
Lastly, the editor has found that his friends are interested in
these articles and he believes that they will interest all the
readers of The Technograph.
For the benefit of future editors, the editor would be pleased
to receive comments upon this policy by letter, through his
office door or in a personal conversation. The advice of faculty
members is as welcome as that of the students, the real sup-
porters of the magazine.
During this war it will be hard for the staff of The Tech-
nograph not only to obtain subscriptions but contributions as
well. The editor therefore urges that all the students who are
engaged in engineering work of any sort during this summer
should endeavor to summarize their experiences for the benefit
of themselves and of the readers of this periodical. Merely be-
ing present at a place where work is being done does not con-
stitute experience. It is necessary critically to observe the or-
ganization of the work and the manner in which the task is
performed. Writing an article for The Technograph will help
you to obtain this real experienee.
Do not think that an article of only two hundred words will
not be acceptable. We are eager to accept contributions of any
size whatever, provided only that it be interesting and that it
contains information of value. If you get in trouble with the
composition of the article let us help you. Although we are not
literary sharks we can doubtless help you to collect your
thoughts in a systematic order. Our aim is to help the student
to become an engineer and we will do anything in our power
to complete our task.
To those of you who are about to engage in the great Disaster.
the staff of The Technograph desires the privilege of extending
their heartiest good wishes. We shall be glad to hear from you.
Good luck and an revoir.
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